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The n i t r a t i o n  o f  2 ,5 -d ip h e n y l-1 ,3 ,4 - th ia c l ia z o le  i s  
in v e s t ig a te d  and th e  r e s u l t s  a r e  compared w ith  th e  n i t r a t i o n  
r e s u l t s  o f  2 ,5 -d ip h en y 1 - 1 ,3 ,4 -o x a d ia z o le .  The v a r i a t io n  o f  
isom er r a t i o s  w ith  v a r i a t io n  in  n i t r a t i o n  media o ccu rs  in  th e  
th i a d ia z o le  s e r i e s ,  b u t  n o t to  th e  e x te n t  i t  o ccu rs  in  th e  
o x a d ia z o le  s e r i e s .  As th e  n i t r a t i n g  ag en t i s  changed from  n i t r i c  
a c id  a lone  to  n i t r i c  a c id  in  s u lp h u r ic  a c id ,  and th e n  to  
n itro n iu m  te t r a f lu o r o b o r a t e ,  th e  p ro p o r tio n  o f m e ta -n i t r a t e d  
p ro d u c ts  in c re a s e s  a t  th e  expense o f n a r a - n i t r a t e d  compounds. 
The s ig n if ic a n c e  o f  th e se  r e s u l t s ,  and th o se  i n  o th e r  r e la te d  
phenyl h e te ro c y c le s ,  a re  d is c u s s e d .
The a ttem p ted  m onobrom ination o f  2 -p h e n y l-5 -  
( j i - n i t r o p h e n y l ) - l , 3 ,4 -o x a d ia z o le  i s  d e s c r ib e d . P re v io u s  a tte m p ts  
alw ays r e s u l te d  in  p o ly b ro m in a tio n  o f  th e  phenyl r in g .  We were 
a b le  to  r e s t r i c t  th e  r e a c t io n  to  d ib ro m in a tio n , th e  f i r s t  brom ine 
e n te r in g  th e  r in g  in  a l l  th e  th r e e  p o s i t io n s  in  th e  r a t i o  o f 
o r th o : m eta: p a ra  = 2 8 .5 :  2 8 .5 : 43. The second brom ine e n te r in g
was o rth o  o r  p a ra  to  th e  f i r s t  brom ine a lre a d y  p re s e n t  in  th e  
phenyl r in g .
S y n th e s is  o f  ( 1 ,3 ,4 -o x a d ia z o le -2 ,5 -d iy l)d ib e n z o ic  a c id s  and 
th ia d ia z o le  an alogues  o f  th e se  a c id s  i s  u n d erta k en  by o x id a tio n  
o f  th e  co rresp o n d in g  d i to ly l - o x a d ia z o le s  and - t h i a d i a z o le s .  
P re v io u s ly  d e sc r ib e d  ro u te s  to  th e se  a c id s  (some o f  them p a te n te d  
p ro ced u res) d id  n o t g iv e  s a t i s f a c t o r y  y ie ld s .
— 1 —
C hap ter 1 
In tro d u c t io n
■The. S y n th e s is  o f  2 .5 -D la ry l-1 ,3  ._4-oxadlazole8 and, - th ia d ia z o le s
S to lle ^  and G unther^ p rep a red  2 ,5 -d ip h en y l« -1 ,3 »4 -oxad iazo le
b e fo re  1900 and th e re  a re  s e v e ra l  rev iew s on t h i s  s u b je c t^ " ^ .
I n v e s t ig a t io n s  in  t h i s  f i e l d  have in t e n s i f i e d  due to  th e  u ses  o f
2 , 5 -d ia r y l - 1 ,3 ,4 - o x a d ia z o le s  in  a number o f d iv e rs e  f i e l d s  such 
7—9as d y e s tu f f s  , p a r t i c u l a r l y  an th raq u in o n e  v a t  dyes and
azo -d y es; drugs^^"*^^ l i k e  2 -(h y d ro x y p h e n y l)-1 , 3 ,4 -o x a d ia z o le  and
sulphonam ide d e r iv a t iv e s  o f 1 ,3 ,4 -o x a d ia z o le s ;  and co lo u r
in te n s i f ie r s ^ ^ * ^ ^  l i k e  2 - (o -a lk o x y p h e n y l) -1 , 3 ,4 -o x a d ia z o le s .
C onsequently  p a t e n t s ^ m a k e  up a la rg e  p o r t io n  o f  th e  re c e n t
l i t e r a t u r e .  Uses o f  v a r io u s  s u b s t i tu te d  o x a d ia z o le s  as monomers
22—24f o r  th e rm a lly  s ta b l e  polym ers “ in  th e  ' f i f t i e s  have b rough t 
many i n d u s t r i a l  g ia n ts  l i k e  IC I , Du P o n t, CIBA and Kodak in to  
t h i s  f i e l d .
The developm ent o f 1 ,3 ,4 - th ia d ia z o le  ch em is try  i s  l in k e d  to
th e  d isc o v e ry  o f  p h en y lh y d raz in e  by Emil F is c h e r  and h y d raz in e  by
Th. C u r tiu s  in  th e  l a t e  n in e te e n th  c e n tu ry . The f i r s t
251 ,3 ,4 - th ia d ia z o le  was p rep a red  by F is c h e r  in  1882; developm ent
and expansion  o f  1 ,3 ,4 - th ia d ia z o le  ch em is try  i n  th e  e a r ly  p a r t  o f
th e  tw e n tie th  c e n tu ry  owes much to  th e  work o f  Busch and h is  
26cow orkers
-  2 -
The work slow ed down d u rin g  and betw een th e  two World Wars
27b u t th e  d isc o v e ry  o f  su lp h a -d ru g s  , such as 
2 -a c e ta m id o -1 ,3 ,4 - th ia d i a z o le -  5-su lphonam ide and subseq u en t u se  
o f  d i - s u b s t i t u t e d  1 ,3 ,4 - th ia d ia z o le s  as monomers [ e .g .  
{ 1 ,3 ,4 - th ia d ia z o le - 2 ,5 - d iy l ) d ib e n z o ic  a c id  f o r  th e  m anufactu re  o f 
s y n th e t ic  f i b r e ] ,  renewed th e  i n t e r e s t  in  th e  developm ent and 
m anufac tu re  o f  th e se  and o th e r  r e l a t e d  compounds. The 
p h arm a ceu tica l^ ^ ~ ^ ^ , d y e s tu f f^ ^ ,  and fib re^ ^ "^ ^ * ^ ^  i n t e r e s t s  have 
co n tin u ed  r e s u l t in g  in  th e  d isc o v e ry  o f  many more i n t e r e s t i n g  
compounds and p ro c e d u re s .
2 ,5 -D ia ry 1 - 1 ,3 ,4 -o x a d ia z o le s  a re  g e n e ra l ly  p rep a red  by
c y c l i s a t i o n  w ith  e l im in a t io n  o f  w ate r from d ia ro y lh y d ra z in e s  w ith  
a s u i t a b le  d e h y d ra tin g  a g e n t.
Sym m etrical d ia ro y lh y d ra z in e s  a re  u s u a l ly  p rep a red  by
r e a c t in g  2 mole e q u iv a le n ts  o f an a ro y l c h lo r id e  (1) w ith  one
34mole e q u iv a le n t  o f  h y d raz in e  h y d ra te  i n  d ry  p y rid in e ^  . An
a l t e r n a t iv e  method u ses  anhydrous sodium c a rb o n a te  as  th e  base  in
35N ,N -d im ethy lacetam ide o r N ,N -dim ethylform am ide. T his method 
was g e n e ra l ly  a p p lie d  f o r  ou r p r e p a ra t io n s .
One method o f  p re p a r in g  a 2 ,5 - d i a r y l - 1 , 3 ,4 -o x a d ia z o le  (3a) 
i s  by h e a t in g  a  d ia ro y lh y d ra z in e  (2a) w ith  phosphorus o x y c h lo rid e  
t i l l  i t  d is s o lv e s  co m p le te ly  (Scheme 1)^^*^^ .
"  3 -
2 ArCOCI — NH^ Hag— ^  ArCONH NHCOAr
( l )  (2 a)
-HjO
V
N N
(?a)
■Scheme 1
H eating  (2 a) above th e  m e ltin g  p o in t  (180-350°C)^*^^~^^ a ls o
g iv e s  (3a) as does th e  a c t io n  o f  phosphorus pentoxide^^"*^^,
40-41 47th io n y l  c h lo r id e  o r  o x a ly l c h lo r id e  w ith  lo s s  o f  w a te r .
48The proposed mechanism o f  c y c l i s a t i o n  in  phosphorus o x y ch lo rid e  
in v o lv e s  co n v e rs io n  o f  th e  d ia ro y lh y d ra z in e  to  th e  im inohydroxy
tau tom er (4) (Scheme 2) which i s  in  e q u ilib r iu m  w ith  th e  c y c l ic
form ( 5 ) .  E lim in a tio n  o f w a te r from (5) r e s u l t s  in  th e  fo rm atio n
o f  th e  o x ad iazo le  ( 3 a ) .
N H - N H  
A r-C  C - A rII II
O  O(2 .)
N  NH N
A r - C  C - A r : ^ A r _ , ( /  
HO O
(4)
■S.ohgfflg 2
I
-  4 -
49On h e a t in g  a d ia ro y lh y d ra z in e  in  th io n y l  c h lo r id e  w ith  a 
c a t a l y t i c  amount o f  p y r id in e ,  c y c l i s a t i o n  o f th e  compound r e s u l t s  
g iv in g  an o x a d ia z o le  (Scheme 3 ) .
2ArCOCI N H z N H j
(1)
Scheme 3
ArCONH-NH-COAr 
(2a)
SOCIj / P y r i d i n e
N N
A r - ^  J ^ - A r
(3a)
The p ro b ab le  mechanism f o r  th e  c y c lo d e h y d ra tio n  o f  th e  
d ia ro y lh y d ra z in e  (2a) in  th io n y l  c h lo r id e  i s  shown in  scheme 
4^^ , The in te rm e d ia te  1 ,2 ,3 ,4 -o x a - th ia d ia z o le -S -o x id e  (6) 
undergoes e l im in a t io n  o f  su lp h u r  d io x id e  and th e  r e s u l t i n g  
charged  s p e c ie s  (7) undergoes r in g  c lo s u re  to  g iv e  (3 a ) .
-  5 -
N H -N H  
Ar-C C - A r  SQmg/Pyridine ^  
O  O
(2a)
OIIN N - C - A r  
A r - ( X  ! s .
(6)
N N
Ar-</ '^ -A r
O
(3a)
N-N
II
A r -  C+
C -A r
I
O -
(V)
Scheme 4
On h e a t in g  (2a) w ith  phosphorus p e n ta c h lo r id e  (8) i s  
o b ta in e d  as a b y -p ro d u c t (Scheme 5)^1*50-53 a d d i t io n  to  (3 a ) .
N N
ArCONHNHCOAr -E-CJ?>A r-Ç  
( 2 a )
(S a )
Ar + Ar-C 
01
C-ArICl
( 0
Soh.eag,.. 5,
Ü nsym m etrical 2 , 5 - d i a r y l - l , 3 » 4 -o x ad iazo les  (3b) a re  
prepared35*54 fj,om an a ro y l c h lo r id e  (1) by r e a c t in g  i t  w ith  a 
m onoaroy lhydrazine (9) in  th e  p re sen ce  o f  a base  to  g iv e  th e  
ünsym m etrical d ia ro y lh y d ra z in e  (2b) which i s  c y c l is e d  to  th e  
o x a d ia z o le  (3b) in  th e  u su a l way (Scheme 6 ) .
ArCOCI + ArCONHNHs — ► ArCO NH N H CO A r
(1 )  ( 9 )  (2K)I
N N
' /  \ \ - A rAr-
^  O
(3b)
Scheme 6
The r e a c t io n  may be a p p lie d  to  a wide v a r ie ty  o f  s u b s t i tu t e d
2 ,5 -d ia ry l-1 ,3 » ^ -o x a d ia z o le s  and i s  th e  method which was 
g e n e ra l ly  used in  th e  p r e p a ra t iv e  work d e sc r ib e d  in  c h a p te rs  
2 -5 .
/ 55*“57 «A g e n e ra l method used by S to l l e  and c o l la b o r a to r s  f o r
th e  p re p a ra t io n  o f 2 ,5 - d ia r y 1 - 1 ,3 » 4 - th ia d ia z o le  (10a) o r (10b)
was to  t r e a t  th e  d ia ro y lh y d ra z in e  (2 a) o r  (2b) w ith  phosphorus
p e n ta su lp h id e . In  ou r ca se  b a s ic a l ly  th e  same method was used
b u t was m od ified  to  g iv e  b e t t e r  y ie ld s  (Scheme 7 ) .
-  7 -
2 A r C 0 C I ArCOCI + ArCONHNH
N H , N %  H ^O
ArCONHNHCOAr
( 2  a)
A r -  /  ^ ' - A r
N N
S
( 1 0 a )
ArCONHNHCOAr
( 2  b)
( l O b )
■Scheme 7
A p o s s ib le  mechanism proposed  f o r  th e  r e a c t io n  o f  
d ia ro y lh y d ra z in e  (2b) w ith  phosphorus p e n ta su lp h id e  i s  o u t l in e d  
in  Scheme •
— 8 —
ArCONHNHCOAr
NH-NH
I \ /AnC CArI I N — NH ~II I ,Ar.C C-ArIHS :
N N
Ar- -Ar
S
( 1 0 b )
N
Ar.C/ /
— NH \  / C-Ar
S * ^ S H
Scheme 8
A nother p o s s i b i l i t y  i s  g iv e n  in  scheme 8a^^ .
ArCONHNHCOAr
NH-NH
I I ,Ar.C C-ArI I N — N II II . Ar.C C-Ar I 1 HS SH
&2h.em9_S.a.
Ar
- H c S
N N
Ar
( 1 0 b )
“  9 -
Y et a n o th e r  mechanism may be rep lacem en t o f  on ly  one oxygen 
by su lp h u r  and e l im in a t io n  o f  w a te r from th e  in te rm e d ia te  to  g iv e  
(10b)(Sohem e 8b)®.
ArCONHNHCOAr 
P2 S 5
NH-NH I I . Ar-C C-A r
g  g
N - N
Ar-CIHS
C-Ar
IOH
N
IIAr-CIHS
N
NH I . C - A r
&
/ /  ' T  ,A r - C  X - A r
OH
- H X
N N
A r - / '  ' ^ - A r
S
( 1 0  b )
The u n s u b s t i tu te d  2 ,5 -d ip h e n y l-1 ,3 » 4 - th ia d ia z o le  cou ld  be
— 1 0 “
p rep ared  by h e a t in g  2 ,5 -d ip h e n y 1 - 1 ,3 ,4 -o x a d ia z o le  w ith  phosphorus 
p e n ta su lp h id e  in  x y len e  (Scheme 9)
,N N N------ N
P h -   ^ P h - ^  \  - P h
■^QhiSBb. .9,
The r e a c t io n  betw een 1 -o h lo ro -1 ,4 -d ia ry 1 - 2 ,3 -d ia z a b u ta d ie n e  
(13) and po tass iu m  e th y l  x a n th a te  on h e a tin g  in  e th a n o l g iv e s  
e th y K 1 ,4 - d ia r y 1 - 2 ,3 - d ia z a b u ta - l ,3 - d ie n - 1 - y l ) x a n th a te  (14) which 
on f u r th e r  h e a t in g  in  a s e a le d  tube  g iv e s  (10b)(Schem e 10 )^^ .
M onoaroylhydrazines a re  o b ta in e d  in  th e  u su a l way by 
r e a c t in g  an e s t e r  (11) w ith  h y d ra z in e . The m onoaroy lhydrazine 
(9 ) on r e a c t in g  w ith  an a ldehyde g iv e s  (1 2 ) . The c h lo ro a z in e s  
(13) were p rep a red  by tre a tm e n t o f th e  r e s u l t in g  a ro y lh y d razo n e  
w ith  th io n y l c h lo r id e  in  benzene.
-  11 -
A rC O îEt ArCONHNH, ALCHO^ Ar CQNHN=CHAr
(11)
ArC = NN=CHAr
S I C=S 
OEt
(1 4 )
Heat 
-COS e tc
N N
Ar Ar
S
(10 b)
( 9 )
KSCSOEt
(12)
S O C I 2 
Benzene
ArCCI = N.N = CHAr
( 1 3 )
gohem e.10
fi?Scheme 11 shows a  r e l a t e d  ro u te  in v o lv in g
1 ,4 -d io h lo ro ~ 1 ,4 -d ip h e n y l-2 ,3 “ d ia z a b u ta d ie n e  (16) and sodium 
hydrogen s u lp h id e . (16) i s  p rep a red  by p a s s in g  c h lo r in e  i n to  a 
s o lu t io n  o f  (15) in  carbon  t e t r a c h lo r id e  f o r  two to  s ix  h o u rs .
~  12 —
ArCONHN=CHAr Cle c u  a t  2 0 %
(1 5 )
^  ArCCl = N-N=CClAr
ArC=N-N=C“Ar 
S ” a
N N
A r - C  'J ^ - A r
S
( l O b )
(16)
NaSH
SH ArCNH-N=CCIArIIS
In  an o th e r method 1 ,3 1 th ia d ia z o le s  a re  p rep a red  by- 
tre a tm e n t o f  a ro m a tic  a ld eh y d es  w ith  e lem en ta l su lp h u r and 
h y d raz in e  h y d ra te  a t  h ig h  te m p era tu re  and p re s s u re  (Scheme
12)59-63 .
13 -
2 A r -  C / /
H
HzP ^  ArCH=N-N=CHAr
S/NHa NH 
1 5 0 ° C
A r-C -N H -N H -C A r
Il IIS S
N N
Ar-</ -Ar
S
( lO b )
-S.QhefflO 12
In  y e t  a n o th e r  method d i th io a c id s  a re  f i r s t  p rep a red  by 
r e a c t in g  an aldehyde w ith  ammonium p o ly su lp h id e ; a l t e r n a t iv e ly  
r e a c t in g  G rignard  compound w ith  carbon  d is u lp h id e  g iv e s  a 
d i th io a c id .  R eac tin g  i t  w ith  sodium c h lo ro a c e ta te  g iv e s  th e  
sodium ca rb o x y m e th y ld ith io b en zo a te  (17) which r e a c t s  w ith  
h y d raz in e  h y d ra te  to  g iv e  a m onoth iohydrazide  (1 8 ) .  T his r e a d i ly  
r e a c t s  w ith  a second m olecu le  o f  d ith io b e n z o a te  (17) to  g iv e  a 
th ia d ia z o le  (Scheme 1 3 )^^ .
-  1 4 -
ArCHO A r C S S H  -<^-£§2-------ArMgX
CICH,CO;Na
A rCSSCH jCO jN a
(17J
N H j N H j
-HSCH.CO , Na
ArCSNHNHj
(1 8 )
I A rCSSCH jC O aN a
\  (17)
N N N — N
A r < ^  ' ^ A r -^ iÜ a S A r-C  C - A r
S HS SH
(lOb)
âgJiePi.Q... .13.
1*3 _S.ut?g.t.itutl.oiL.Be.aQ.t.ions in  th e  A ryl Rings
2 ,5 -D ia ry l-1 ,3 » ^ -o x a d ia z o le s  undergo s u b s t i t u t i o n  r e a c t io n s  
a t  th e  a r y l  r e s id u e .  Oleum le a d s  to  th e  su lp h o n ic  a c id  
d e r i v a t i v e s ^ ^ i n  oleum c o n ta in in g  brom ine, m u ltib ro m in a tio n ^ ^  
ta k e s  p la c e  (one to  f iv e  brom ine atoms in  each r in g  depending on 
th e  q u a n t i ty  o f  brom ine and th e  s u b s t i tu e n ts  a lre a d y  p re s e n t)  and 
w ith  c o n c e n tra te d  n i t r i c  a c id ,  s u lp h u r ic  a c i d /n i t r i e  a c id  m ix tu re  
o r  n itro n iu m  te t r a f lu o r o b o r a t e ,  n i t r o a r y l  compounds a re  
form ed^^.
-  15
N itr a t io n  o f  2 ,5 - d ip h e n y l - l , 3 i^ -o x a d ia z o le  and - th ia d ia z o le  
r e s u l t s  in  th e  fo rm a tio n  o f a l l  th e  s ix  p o s s ib le  iso m e rs . The 
r a t i o s  o f jûnthû.,- m e ta - , and p a ra -  isom ers vary  acco rd in g  to  th e  
n i t r a t i o n  c o n d i t io n s .  The n i t r a t i o n  o f  th e se  compounds and 
v a r io u s  isom er r a t i o s  o f  th e  p ro d u c ts  th e re o f ,  w i l l  be d isc u sse d  
in  th e  fo llo w in g  c h a p te r .
From th e se  n i t r o  compounds, am inophenyl compounds can be
p rep a red  in  good y ie ld s  u s in g  red u c in g  a g en ts  such as i r o n  and 
, . J 8 ,6 7h y d ro c h lo r ic  a c id Diazonium s a l t s  a re  o b ta in e d  when th e se
amino compounds r e a c t  w ith  n i t r o u s  a c id  and th e se  show th e  u su a l 
r e a c t io n s  o f d iazonium  c o m p o u n d s * ^ s u c h  as  co u p lin g  and 
rep lacem en t r e a c t io n s ,  r e s u l t in g  in  compounds l i k e  (19) and
( 20 ) .
N — N
N N
N N
sNa
0  NO,N
0 ,N a
X N
■4
— 16 —
1 .4  EeaoM ons In v o lv in g  Ring C leavage
2 , 5 -D ia ry 1 -o x a d ia z o le s  and - th i a d ia z o le s  have a rem arkab le  
the rm al s t a b i l i t y .  Some o f  them can  be d i s t i l l e d  a t  te m p e ra tu re s  
above 3 0 0 °C w ith o u t n o t ic e a b le  deco m p o sitio n . They a re  n o t 
r e a d i ly  a t ta c k e d  by e i t h e r  a c id s  o r  a l k a l i e s .  But on p ro longed  
h e a tin g  w ith  s tro n g  n u c le o p h il ic  r e a g e n ts  l i k e  aqueous po tassium  
h y d ro x id e , h y d ro ly s is  w ith  r in g  c leav ag e  o ccu rs  to  g iv e  
d ia ro y lh y d ra z in e s  (2b)(Schem e 14 )^^ .
N  N
A r - ^ ^   > ■  A r C O N H I M H C O A r
Scheme 14
S im ila r ly  when h ea ted  w ith  50$ h y d ro c h lo r ic  a c id  under 
r e f lu x  f o r  48 h o u rs , o x a d ia z o le s  and th ia d ia z o le s  a re  h y d ro ly sed  
to  t h e i r  re sp e c tiv e "  a c id s  and h y d ra z in e  (Scheme 1 5 )^^ .
N  IM + HIM------- N
A r - ^  \ a v  ----- " ----->. A n ^  \ a V
( 3 ^ )  i  A
H N  IM f, /A rC 0 2 H + A rC Q 2H+IMHalMH^-^  A r t  / ^ ^ C A r
.15,
— 17 —
1 .5  Thermal. .Deco m p g ^ ition
P y ro ly s is  o f  2 ,5 -d ia r y l- o x a d ia z o le s  in  a packed tu b e  a t  
775^0 g iv e s  b e n z o n i t r i l e  and pheny l iso c y a n a te  (Scheme l 6 a )^ ^ . 
R everse o f  1 ,3 -  d ip o la r  c y c lo -a d d it io n  i s  a n o th e r  p o s s i b i l i t y  
(Scheme 16b).
( a )  ( b )
N -t— N ( ^ - r - I M
P h - c  ^ ^ C - P h  P h - c l V ^ C - P h
PhC =N  + P h - C ' ^  ------------- >- P l ^ - ^  + P h C - N
Ph-|M =C=0
Scheme 16
1 . 6  B le c tro p h il i c  Sübs .t lW lla iL  g£ th e  Phenyl  Ring sf.
Phenvl S u b s t i tu te d  H e te ro c y c lic  Compounds
O r ie n ta t io n  o f  th e  incom ing e le c t r o p h i le  ( o r th o - . m e ta - , 
p a r a - ) in  an e l e c t r o p h i l i c  s u b s t i t u t i o n  o f  a  pheny l r in g  depends 
on th e  s u b s t i tu e n t ( s )  a lre a d y  p re s e n t  and t h e i r  o v e r a l l  d i r e c t in g  
p r o p e r t i e s .
-  18 -
The p a r t i a l  p o s i t iv e  and n e g a tiv e  ch arg es  a t  th e  r in g  carbon 
produced by th e  e l e c t r o n e g a t iv i ty  o f  th e  s u b s t i tu e n t  i s  known as 
th e  in d u c tiv e  e f f e c t  o f th e  s u b s t i tu e n t .  T his may be e i t h e r
a) .p o s i t iv e  (+1 ) :  e le c t r o n  d o n a tin g  and 
o r th o - / .p a ra -d i r e c t in g  ; 
o r  b) n e g a t iv e  ( - 1 ) :  e le c t r o n  w ithdraw ing  and 
lû ê iâ rd ir  ec t i n g .
70 71I f  th e  s u b s t i tu e n t  c a r r i e s  p o s i t iv e  charge  * th e  s t a t i c  
e f f e c t  cou ld  be p ro found . I f  th e  charged atom i s  a d ja c e n t to  th e  
phenyl r in g  th e  s u b s t i tu e n t  has a  - I  e f f e c t  and i s  
la ê J tâ rd ire c tin g , b u t th e  e f f e c t  f a l l s  o f f  w ith  in c re a s in g  number 
o f carbon  atoms s e p a ra t in g  th e  charged  c e n tre  from th e  phenyl 
r in g ,  e .g .
when x =0 m eta-isom er 8 9  $ ,
x=1 " " 8 5 - 8 8  $ ,
x=2 « " 19 $,
x=3 " ” 03 $ .
-  19 -
When th e  n - o r b i t a l  o f  th e  phenyl group o v e rla p  w ith  a 
p - o r b i t a l ,  a h y b rid  o f  p - ty p e  o r  a n o th e r  n - o r b i t a l  on an 
a d ja c e n t atom d e lo c a l i s a t io n  may r e s u l t .  When th e  d e lo c a l i s a t io n  
r e s u l t s  in  in c re a s e  o f  e l e c t r o n  d e n s ity  on th e  phenyl r in g  
th rough  c o n ju g a tio n  th e  e f f e c t  i s  term ed as
- a ) p o s i t iv e  mesomeric e f f e c t  (+M) and th e  s u b s t i tu e n t  i s  
or_tho-/ par.a- d i r e c t in g .
The s u b s t i tu e n t s  w hich r e s u l t  in  a  d e c re a se  o f  e le c t r o n  
d e n s ity  on th e  phenyl r in g  a re  term ed a s  having  a
b)n e g a t lv e  mesom eric e f f e c t  (-M) and have m g ta -d ir e c t in g  
e f f e c t .
I f  th e  s u b s t i tu e n t  i s  a n o th e r  phenyl r in g ,  by i t s
c o n ju g a tio n  th rough  n - o r b i t a l s  i t  i s  exp ec ted  to  be
o r th o - / p a r a -d i r e c t in g .  T h is i s  in  agreem ent w ith  th e
72ex p e rim en ta l r e s u l t s  . Even in  th e  ca se  o f
722 ,4 -d in i t r o b ip h e n y l  , where th e  d in i tro p h e n y l r in g  would n o t be 
ex pec ted  to  s t a b i l i s e  a p o s i t iv e  charge e a s i l y ,  o r th o -  and p a ra -  
n i t r a t i o n  s t i l l  ta k e s  p la c e . Of c o u rse , i f  th e  e f f e c t  o f th e  
phenyl o r  d in i t ro p h e n y l  s u b s t i tu e n t  i s  to  be m esom eric a t  a l l ,  
th e  two r in g s  must be c o p la n a r (o r  a lm ost so) in  th e  t r a n s i t i o n  
s t a t e .  O therw ise th e  e f f e c t  o f  th e  s u b s t i tu e n t  has to  be 
reg a rd ed  a s  in d u c tiv e  o n ly . I f  th e  pheny l r in g  has a 
h e te r o c y c l ic  r in g  as  a  s u b s t i tu e n t ,  th e n  in  a d d i t io n  to  e x i s t in g  
m esomeric a n d /o r  in d u c tiv e  e f f e c t s  th e  h e te ro a to m  i t s e l f  may
20
c r e a te  an a d d i t io n a l  c o m p lic a tio n . I f  th e  h e te ro a to m  i s  a b a s ic  
o r  n u c le o p h il ic  n i t ro g e n ,  i t  may be p ro to n a te d  in  a c id ic  m edia, 
o r  may r e a c t  i t s e l f  w ith  th e  e l e c t r o p h i l e .  These
p ro to n a te d /q u a te rn is e d  h e te ro c y c le s  may e x e r t  a d i f f e r e n t  e f f e c t  
on th e  phenyl r in g  compared w ith  th e  u n p ro to n a te d /u n q u a te rn ise d  
s u b s t i tu e n t .
To u n d e rs tan d  f u l l y  th e  e l e c t r o p h i l i c  s u b s t i t u t i o n  o f
2 , 5 -*diphenyl~1 , 3 » 4 - th ia d ia z o le  and - o x a d ia z o le , , i t  i s  n e c e ssa ry  
to  d e te rm in e  w hether th e  h e te ro c y c l ic  r in g  b e a rs  a p o s i t iv e
charge o r n o t under th e  d i f f e r e n t  c o n d itio n s  o f  r e a c t io n .
The e l e c t r o p h i l i c  s u b s t i t u t i o n  o f  some o th e r  phenyl 
s u b s t i tu t e d  h e te ro c y c le s  have p re v io u s ly  been s tu d ie d  by o th e r  
g ro u p s . Some o f  t h e i r  r e s u l t s  a re  rep roduced  below .
'jr> 7 4K a tr itz k y  and K ingsland  and De S a r lo  and Ridd 
in v e s t ig a te d  th e  n i t r a t i o n  o f  2 -p h e n y lp y r id in e  ( 2 1 ) and i t s  
N -oxide and 4 -p h e n y lp y r id in e  (2 2 ) .
( 2 t )
The form er group found t h a t  th e  n i t r a t i o n  o f  (21) in  92$
-  21 -
s u lp h u r ic  a c id  r e s u l t s  in  an o r th o ; met a : o a ra  isom er r a t i o  o f 
9 :3 9 :5 2  and n i t r a t i o n  o f  th e  N -oxide o f (21) in  81$ s u lp h u r ic  
a c id  gave 1 7 $ p a ra -  iso m er, more th a n  80$ me_ta-iso m e r, l e s s  th an  
3$ o r th o - isom er. De S a r lo  and Ridd w h ile  n i t r a t i n g  (22) in  98$ 
s u lp h u r ic  a c id  g o t o r th o -  2 0 $ ; met a -  3 3 $ ; p a ra -  47$.
The c o n c lu s io n s  o f  De S a r lo  and R idd, on th e  b a s is  o f t h e i r  
r e s u l t s  and ta k in g  in t o  accoun t th e  r e s u l t s  o f  K a tr i tz k y  and 
K in g slan d , a re  t h a t  th e  n i t r a t i o n  o f  2 -  and 4 -p h e n y lp y rid in e s  
ta k e s  p la c e  on c o n ju g a te  a c id s ,  and a l l  p o s i t io n s  a re  s t ro n g ly  
d e a c tiv a te d  w ith  r e s p e c t  to  benzene.
The p a t te r n  can be e x p la in ed  by assum ing th a t  th e  in d u c tiv e  
and f i e l d  e f f e c t s  a r e  p a r t l y  com pensated by a +M e f f e c t .
K a tr itz k y  and K ingsland  concluded from t h e i r  in v e s t ig a t io n s  
t h a t  th e  p a r t i a l  r a t e  f a c to r s  a re  s im i la r  to  th o se  f o r  th e  
benzyltrim ethylam m onium  c a t io n  and t h a t  in d u c tiv e  and / o r  d i r e c t  
f i e l d  e f f e c t s  a re  o f predom inant im portance w ith  mesomeric e f f e c t  
p la y in g  a secondary  r o le  in  th e se  n i t r a t i o n s .
75In  a paper Johnson, K a tr itz k y  and Viney have d isc u sse d  th e  
n i t r a t i o n  o f  p y r id in e s  in  s u lp h u r ic  a c id  s o lu t io n s  and t h e i r  
c o n c lu s io n s  were th a t  more b a s ic  p y r id in e s  ( pK^>+1) a re  n i t r a t e d  
a s  c a t io n s  and very  weakly b a s ic  p y r id in e s  (pK ^<-2.5) undergo 
n i t r a t i o n  as f r e e  b ases  and n i t r a t e  more e a s i l y .  Somewhere in  
betw een pK^ + 1 . 0  and - 2 . 5  a  changeover in  mechanism and 
r e a c t i v i t y  m ust o c c u r.
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K a tr i tz k y  and Simons76 have p u b lish e d  pK^^s o f
p h e n y lp y rid in e s  and t h e i r  N -o x id es . P h e n y lp y rid in e s  have pK^^s
betw een 4 .5  and 5 .5  w h ile  th e  N -oxides a re  w eaker b a ses  w ith
pK *s betw een 0 .7  and 0 .8 .  N e v e rth e le ss  k in e t i c  work in d ic a te d  a
t h a t  th e  N -oxides a re  a ls o  n i t r a t e d  as t h e i r  c o n ju g a te  a c id s 7 3 .
In  th e  case  o f p h en y lp y rim id in es  th e  s i t u a t i o n  i s  d i f f e r e n t .
N i t r a t io n  o f  2 -p h en y lp y rim id in e  (23) a p p a re n tly  g iv e s  th e
77met a - n i t ro - is o m e r  (24) as th e  main p ro d u c t . T his cou ld  be 
e x p la in ed  in  term s o f  th e  - I  e f f e c t  o f  a  p o s i t i v e ly  charged  
s u b s t i tu e n t  ( c f .  p . 1 8 ). When th e  two n it ro g e n s  a re  d i f f e r e n t l y  
p o s it io n e d  w ith  r e s p e c t  to  th e  phenyl r in g ,  as  in  
4 -p h e n y lp y rim id in e , i n t e r p r e t a t i o n  i s  more co m p lica ted .
78 79Lynch and Poon and Adam, D oran jh , and H u rst in v e s t ig a te d
th e  n i t r a t i o n  o f  4 -p h en y lp y rim id in e  (25) w ith  fuming n i t r i c  a c id
and c o n c e n tra te d  s u lp h u r ic  a c id  and o b ta in e d  two iso m e rs;
4 -£ .-n itro p h e n y l-  and 4 - j0r -n itro p h e n y lp y rim id in e  i n  th e  r a t i o  o f
4 0 :6 0 . The £ .-n itro p h en y  1 -isom er was n o t d e te c te d .  However w ith
n i t r i c  a c id  in  t r i f l u o r o a c e t i c  anhyd ride  a l l  th r e e  isom ers were
found in  th e  r a t i o  o r th o ; m e ta ; n a r a  = 45: 29: 2 6 .
N-NOg
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The absence o f  p a r a -n i t ro - is o m e r  in  th e se  c a se s  i s  u n u su a l.
78 ,70The p re v io u s  a u th o rs  * * e x p la n a tio n  f o r  th e s e  r e s u l t s  was t h a t
in  n i t r i c  a c id  and s u lp h u r ic  a c id  an N -n itron ium  s p e c ie s  (26) i s  
formed a t  N-3 o f  th e  p y rim id in e  and t h i s  s p e c ie s  i s  a t ta c k e d  
d i r e c t l y  a t  th e  m eta- p o s i t io n  due to  th e  'p o s i t i v e  p o le ' ( - 1 ) 
e f f e c t .  The fo rm a tio n  o f  o r th o - isom er i s  e x p la in e d  by (26) 
d is s o c ia t in g  in t o  n itro n iu m  io n  (NO^^) and 4 -p h en y lp y rim id in e  and 
th e n  in tra m o le c u la r  a t t a c k  o f  (NOg"*") a t  th e  a d ja c e n t o r th o -  
p o s i t io n  on th e  pheny l r in g .
With n i t r i c  a c id  in  t r i f l u o r o a c e t i c  anh y d rid e  t h e i r  
su g g e s tio n  was t h a t  ( 2 6 ) adds a t r i f l u o r o a c e t a t e  io n  to  y ie ld  
( 2 7 ) in  which th e  h e te ro c y c le  i s  th e n  an o r th o - / p a ra -  d i r e c t in g  
s u b s t i tu e n t .  The n i t r a t i o n  o f  (25) i s  th e n  reg a rd ed  as 
p ro ceed in g  in  p a r t  v ia  ( 2 6 ) ( g iv in g  _ortho- and m eta- n i t r a t i o n )  
and a ls o  v ia  ( 2 7 ) ( g iv in g  o r th o -  and p a r a - n i t r o  compounds ) .
OCOCF,
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We su g g e s t t h a t  in  n i t r i c  a c id  and s u lp h u r ic  a c id ,  n i t r a t i o n  
may be p a r t l y  ta k in g  p la c e  on th e  p ro to n a te d  s p e c ie s  ( 2 8 ) which 
due to  th e  'p o s i t i v e  p o le ' e f f e c t  g iv e s  m e ta -s u b s t i t u t i o n ,  and 
p a r t l y  by way o f  ( 2 6 ) and t r a n s f e r  o f  n itro n iu m  io n  (NO^^) 
in t r a m o le c u la r ly  to  g iv e  th e  o r th o - iso m er.
We f u r th e r  su g g e s t t h a t  th e  r e s u l t s  o b ta in ed  in  th e  ca se  o f  
n i t r i c  a c id  in  t r i f l u o r o a c e t i c  an h y d rid e  can b e s t  be ex p la in ed  i f  
we suppose t h a t  th e  n i t r a t i o n  i s  ta k in g  p la c e  p a r t ly  on th e  
uncharged m olecu le  (25) and p a r t l y  on th e  N -n itron ium  c a t io n  
(26) .
The e f f e c t  o f  h e te ro a to m (s)  in  f iv e  membered r in g s  on 
s u b s t i t u t i o n  o f  an a t ta c h e d  phenyl r in g  may vary  from th o se  in  
th e  s ix  membered r in g s .  Not on ly  i s  th e  geom etry o f a f iv e  
membered r in g  q u i t e  d i f f e r e n t  from a  benzenoid  r in g  b u t a ls o  when 
i t  c o n ta in s  h e te ro -a to m s i t s  charge  d i s t r i b u t i o n  d i f f e r s  as 
w e ll .  The fo llo w in g  su rvey  i s  co n fin ed  to  r in g  system s where th e  
phenyl g ro u p (s) i s / a r e  a t ta c h e d  to  carbon  atom (s) and where 
n i t r a t i o n  in  th e  h e te r o c y c l ic  r in g  i s  n o t com peting w ith  th e  
s u b s t i t u t i o n  in  th e  phenyl r i n g ( s ) .
80L i te r a tu r e  c o n ta in s  s e v e ra l  exam ples o f  e l e c t r o p h i l i c  
s u b s t i t u t i o n  o f  phenyl s u b s t i tu t e d  f iv e  membered r in g s  such as  
p y ra z o le s ; im id a z o le s  and t r i a z o l e s .  In  m ost c a s e s  th e  
p a r a - n i t ro - is o m e r  i s  th e  on ly  p ro d u c t r e p o r te d .  I t  i s  n o t c l e a r  
w hether i t  was th e  on ly  p ro d u c t formed o r th e  on ly  one i s o l a t e d . 
In  our e x p e rien ce  p a r a - isom ers a re  a lm o st alw ays th e  l e a s t
.4
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s o lu b le  and come o u t f i r s t ,  whenever c r y s t a l l i s a t i o n  i s  c a r r ie d  
o u t .  I f  th e  p a r a - iso m e r(s )  i s / a r e  th e  m ajor p r o d u c t( s ) ,  th e  
o th e r  isom ers a re  l e f t  behind  in  th e  m other l iq u o r .
(29) yr— ;\HCy
(3 0 )
The r e s u l t s  o b ta in e d  by n i t r a t i n g  2 -p h en y lb en z im id azo le
O 1( 2 9 ) in  n i t r i c  a c id  and n i t r i c  a c id  and s u lp h u r ic  a c id  show no
v a r ia t io n  in  isom er r a t i o  o r th o - : m e ta - : p a ra  1 :2 :4 .  The
a u th o rs  concluded  from th e se  r e s u l t s  t h a t  th e  same s p e c ie s  was
in v o lv ed  in  bo th  n i t r a t i o n s .  Compound (29) i s  a r e l a t i v e l y
82s tro n g  base  ( i t  has a  pK^ o f  5 *2 3 ) and i t  i s  known th a t  ( 2 9 ) 
undergoes e l e c t r o p h i l i c  s u b s t i t u t i o n  in  a c id ic  m edia a s  th e  
c o n ju g a te  a c id .  The isom er r a t i o  i s  o b v io u s ly  v e ry  d i f f e r e n t  
from th a t  o f  th e  2 -p h e n y lp y rim id in e  n i t r a t i o n  a lth o u g h  th e  
p o s i t io n s  o f  th e  h e te ro -a to m s  w ith  r e s p e c t  to  th e  phenyl r in g  a re  
s im i la r .
0 ,N
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H C  N
^ H C  N
(33)
The n i t r a t i o n  o f  2 , 5 -d ip h e n y lo x a z o le  (30) was c a r r ie d  o u t by 
L i s t e r  and Robinson^^ and by M inovici^^ in  fuming n i t r i c  a c id  a t  
O^C f o r  0 .5  h o u r. They o b ta in e d  a q u a n t i t a t iv e  y ie ld  o f
5 - ( p - n i t r o p h e n y l ) - 2 -p h en y lo x a zo le  ( 3 1 ) .
N i t r a t io n  o f  2 , 5 -d ip h e n y lo x a z o le  (30) was r e in v e s t ig a te d  by 
S agar and Smith^^ and th e  p re v io u s  r e s u l t s  ob ta ined^^*^^  under 
th e  same c o n d it io n s  w ere confirm ed by them. They fu rth e rm o re  
found t h a t  i f  th e  r e a c t io n  tim e was in c re a se d  to  two hours bo th  
pheny l r in g s  were n i t r a t e d  and th a t  n i t r a t i o n  o f  th e  2 -p h en y l 
group gave a l l  th r e e  isom ers in  which th e  p a r a - isom er was 
p redom inan t.
As i s  obv ious from th e  s t r u c t u r e  o f compound (30) , th e  two 
phenyl r in g s  a re  n o n -e q u iv a le n t , one n e a re r  to  th e  b a s ic  c e n tre  
th a n  th e  o th e r .  The phenyl r in g  a t ta c h e d  to  C-2 cou ld  be t r e a te d
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as in  a s im i la r  environm ent to  t h a t  o f  th e  phenyl r in g ( s )  o f 
2 -p h en y lb en z im id azo le  as w e ll a s  2 ,5 -d ip h e n y l-1 ;3 ,4 ~ o x a d ia z o le  
and - th ia d ia z o le  w hich w i l l  be d isc u sse d  in  c h a p te r  2 . The 
o r th o ; m e ta : p a ra  r a t i o  f o r  n i t r a t i o n  o f  th e  phenyl r in g
(a tta c h e d  to  C-2) in  th e  oxazo le  i s  a ls o  s im i la r  to  t h a t  o f th e  
p h en y lb en z im id azo le .
85Zeknov, F ro lo v a , M el*nikova and T s e l in s k i i  n i t r a t e d  
3 » 4 -d ip h e n y l-1 ,2 , 5 -o x a d ia z o le  (34) in  fuming n i t r i c  a c id  and a ls o  
w ith  n itro n iu m  te t r a f lu o r o b o r a t e .  In  bo th  c a se s  th ey  o b ta in e d  
a f t e r  r e c r y s t a l l i s a t i o n  3 » 4 -b is (p -n i t ro p h e n y l) -1 ,2 , 5 -o x a d ia z o le  
(7 7 ? ) .  On th e  o th e r  hand n i t r a t i o n  o f (34a) w ith  n i t r i c  a c id  and 
s u lp h u r ic  a c id  a p p a re n tly  gave th e  met a - n i t r o -  compound ( 9 7 ? ) .  
O ther isom ers i n  th e se  r e a c t io n s  i f  th ey  were p re s e n t  would be 
l o s t  on r e c r y s t a l l i s a t i o n  and would p ro b ab ly  rem ain in  th e  m other 
l i q u o r .
/ /
( 3 4 )  ( 3 4 a )
•NO
From th e  fo re g o in g  i t  i s  a p p a re n t t h a t  th e  r e s u l t s  o f  
e l e c t r o p h i l i c  s u b s t i t u t i o n  o f  v a r io u s  system s can be r a t i o n a l i s e d  
and e x p la in ed  in  in d iv id u a l  c a s e s ,  bu t a re  n o t such t h a t  a  hard
-  28
and f a s t  g e n e ra l r u le  o f d i r e c t i v e  e f f e c t  can be fram ed w ith  th e  
p re s e n t  in fo rm a tio n  and know ledge. A l o t  o f  work has y e t  to  be 
done b e fo re  a d e f i n i t e  q u a n t i t a t iv e  p r e d ic t io n  o f  d i r e c t iv e  
e f f e c t s  can be made f o r  v a r io u s  h e te r o c y c l ic  s u b s t i tu e n ts  on a 
phenyl r in g .
- 29 “
■T.abl.e-J.
RESULTS OF NITRATION OF SOME HETEROCYCLIC COMPOUNDS 
Compounds N i t r a t io n  Medium p - ? m- ? o - ?
i )  2 -p h e n y lp y r id in e  9 2 ? H^SO^/HNOg 52 3 9  9
i i )  2 -p h e n y lp y r id in e  81? HgSO^/HNOg 17 >80 <3
i i i )  4 -p h e n y lp y rid in e  98? HgSO^/HNOg 47 33 2 0
iv )  2 -p h e n y lp y rim id in e  HgSO^/HNOg -  1 0 0
v) 4 -p h en y lp y rim id in e  HgSO^/HNOg -  40 60
v i )  4 -p h en y lp y rim id in e  (FgCCOgO/HNOg 45 2 9  26
v i i )  2 -p h en y lb en z im id in e  I.HNO3 60 26 14
2 .H 2 SO 4 /H N O 3
i i x )  5 - ( p - n i t r o p h e n y l) -  HNO3 78 10 12
2 -p h e n y lo x a z o le
ix )  5 - ( p - n i t r o p h e n y l ) -  H2SO4 /HNO3 7 0  2 0  10
2 -p h e n y lo x a z o le
x) 5 - (m -n itro p h e n y l) -  HNO3 79 11 10
2-p h e n y lo x a z o le
x i )  5 - (m -n i t ro p h e n y l) -  HgSO^/HNOg 7 8  10  12
2 -p h e n y lo x a z o le
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CHAPTER 2
N itr a t ion; , Resul t s ,  and, PlPPH.sgiPR
2.1 N i t r a t io n  _of_2^5-dlpjienyl-1_,3,Jl-O K adlazPla.
One o f  th e  two r e p o r t s  on th e  n i t r a t i o n  o f
2 ,5 -d ip h e n y l-1 , 3 ,4 -o x a d ia z o le  (35) i s  by Grekov and Azen who 
c laim ed  to  have o b ta in ed  th r e e  sym m etrica l d in i t r o - is o m e rs  
(3 6 -3 8 )(Scheme 17) by n i t r a t i o n  in  fuming n i t r i c  a c id  (sL 1 .5 1 ) .
(35)   ► (36) + (37) + (38)
40 ? 2 0  ? 27 ?
■S.chgcie-17-
In  c o n c e n tra te d  s u lp h u r ic  a c id  (A 1.84) and fuming n i t r i c  
a c id  on ly  two p ro d u c ts  were a p p a re n tly  o b ta in e d  by them: 
2 ;5 -b is (m -n itro p h e n y l) -1 ;3 ,4 -o x a d ia z o le  (37) and 2 - ( m - n i t r o -  
p h e n y l)-  5 -p h e n y l-1 , 3 » 4 -o x ad iazo le  (39) (Scheme 1 8 ),
(35)  (37) + (39)
38 % 31 *
— 31“
NO.NO
( 3 6 )
NO. NO.(37 )
NO(39)
NO
NO.
(41 )
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When t h i s  c la im  was r e in v e s t ig a te d  how ever, by th e  S t ,  
Andrews r e s e a rc h  group^^*^^ u s in g  h ig h  perform ance l i q u id  
chrom atography f o r  s e p a ra t io n  and q u a n t i f i c a t io n  o f th e se  
p ro d u c ts , i t  was e s ta b l is h e d  t h a t  n o t on ly  had th e  R ussians^^ 
m isc a lc u la te d  th e  y ie ld s  ( s e e  fo o tn o te  R ef. 6 6 , p . 774) b u t 
they  had a ls o  f a i l e d  to  s e p a ra te  a l l  th e  iso m e rs . A ll th e  s ix  
p o s s ib le  isom ers ( 3 6 - 3 8  and 40-42) were o b ta in e d  when (35) was 
n i t r a t e d  w ith  fuming n i t r i c  a c id  (d. 1 .5 ) (Scheme 19)
(35)   ► ( 3 6 ) + (37) + ( 3 8 )
5 % 1 % 21  %
(40) + (41) + (42)
15 % 29 % 24 35
Scheme 19
Changing from fum ing n i t r i c  a c id  to  a c o n c e n tra te d  s u lp h u r ic  
a c id  and n i t r i c  a c id  m ix tu re  gave th e  same s ix  iso m e rs , a lth o u g h
th e  p e rce n tag e  o f m e ta -n i t r a t i o n  in c re a se d  and c o n seq u en tly  th e
p e rc e n ta g e  o f  p a r a - isom ers d ec reased  (Scheme 20) b u t no
m o n o -n itro - isom er was d e te c te d .
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(35)  ( 3 6 ) + (37) + (38)
5 % 25 % e %
(40) + (41) + (42)
2 6  $ 12  35 27 3f
■Sghgmg,. 2 0
S im ila r ly  when th e  au thors^^*^^  t r i e d  n itro n iu m  
te t r a f lu o r o b o r a t e  in  su lp h o la n e  a s  th e  n i t r a t i n g  medium, they  
a g a in  o b ta in e d  in c re a se d  y ie ld s  o f  m eta-n i t ro - is o m e rs  and a ls o  
in c re a s e d  y ie ld s  o f  _ortho- n i t ro - is o m e rs  (Scheme 2 1 ) .
+  -
(35)    -► (36) + (37) + (38)
11 35 2 0  % H %
(40) + (41) + (42)
27 % 18 36 2 0  35
Scheme 21
To u n d e rs tan d  more abou t th e se  n i t r a t i o n s ,  th e  th r e e  mono- 
n i t ro - is o m e rs  (39)» (43) and (44) were s y n th e s is e d  and n i t r a t e d
under s im i la r  c o n d itio n s  to  th o se  used f o r  (3 5 ) .  These n i t r a t i o n  
r e s u l t s  a re  summarised in  ta b le s  2 - 5 .
-  34 -
,TabIg...2 .
N i t r a t io n  o f  2 .5 -d iP h e n v l-1 .3 «4-oxadiazolÆ
Isom er %
N itr a t in g  A gen t/sJ ZrZL  2 ,3 1  2 ,4 1  3..,3 1  3_,4l 1 ,41
HNO3 5 15 29 7 24 2 0
HNO3 /H 2SO4 5 26 12 25 2 7  6
NO2 BF4 11 2 7  1 8  2 0  2 0  4
Tabia..3.
N itr a t io n  o f  2-Phenyl-5-(o_-nitrox>h.enyl.)--1.t3 t4-oxadiaz.Ql.e
Isom er %
NltcA tlng, Agent.Cg.) 2_,2* 2*3.' 2jiL'
HNO3 19 34 47
HNO3 /H 2SO4 15 67 18
NOj BF" 39 20 41
35 -
Table 4
N i t r a t io n  o f  2-ohenyl-5-C  m -n itro p h e a y l) - 1 . 3 . 4 -oxad iaz .o le
Isom er %
Nl.tra.tlDg A geatlsl 2 ,3 ' 3U1' 3 ,1 '
HNO3 2 6  29 45
HNO3 /H2 SO4 2 2  60 18
NO2 BF4 35 36 2 9
Table 5
N i t r a t l p n of. 2 r P h .em lr5 - .( .Pr.nltrap lie j3y llr.1  .,3 .*& 'pxad l% ale
Isom er %
N itr a ting . Ag^A tLsl 2,4.' 3*4.' 4*1'
HNO3 3 4  2 3  43
HNO3 /H 2SO4 22 60 18
NO2BF4 50 19 3 0
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From ta b le s  2-5  th e  fo llo w in g  o b se rv a tio n s  were made by th e  
65team who c a r r ie d  o u t th e s e  n i t r a t i o n  s tu d ie s .
i )  There was no s t a r t i n g  m a te r ia l  found among th e  
n i t r a t i o n  p ro d u c ts ;
i i )  There was a  la rg e  v a r i a t io n  in  th e  isom er r a t i o  
acc o rd in g  to  th e  n i t r a t i n g  medium used;
i i i )  Enhancement o f  m e ta -n i t r a t i o n  took  p la c e  a t  th e  expense 
o f  p a r a -n i t r a t i o n  as  th e  n i t r a t i n g  medium was changed 
from n i t r i c  a c id ,  th rough  n i t r i c  a c id  and s u lp h u r ic  a c id ,  
to  n itro n iu m  te t r a f lu o r o b o r a te ;
iv )  In  th e  r e a c t io n  in v o lv in g  n itro n iu m  te t r a f lu o r o b o r a te  
th e re  was an in c re a s e  in  _ortho-n i t r a t i o n .
In  o rd e r  to  f in d  o u t i f ,  d u rin g  n i t r a t i o n  o f
2 , 5 -d ip h e n y l - 1 , 3 ,4 -o x a d ia z o le  ( 3 5 ) ,  th e  two n i t r a t i o n  s te p s
le a d in g  to  mono- and d in i t r o - is o m e rs  were in d ep en d en t o r
c o n c u rre n t , a  s e m ik in e t ic  experim en t w ith  fuming n i t r i c  a c id  as
65th e  n i t r a t i n g  medium was u n d erta k en  by th e  same team . From th e  
experim en t i t  was concluded th a t  th e  f i r s t  and second n i t r a t i o n  
s te p s  a re  a lm ost in d ep en d en t o f  each o th e r ,  th e  f i r s t  being  much 
f a s t e r  th an  th e  second .
On th e  b a s is  o f th e se  r e s u l t s  ( t a b le  2 - 5 ) ,  th e  r a t i o  o f th e  
m onon itro -iso m ers  produced d u rin g  th e  n i t r a t i o n  o f  ( 3 5 ) cou ld  be 
c a lc u la te d .  The r e s u l t s  a re  as f o l lo w s :-
- 3 7 “
NOz N N NO
1
NO, (47) ^ o
0 ,N
NOz (51)
N N
(6 4 )
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Ta bl e., .6
l f^liiQnl..trat,ipn.., .ef g..i 5.-^iph.enylr.1... 3. > .4.T.oxa^ i.9JS.Plg,
Isom er %
J^ itra tin g . Agert.Cis.) Ær.tliPr jasta- .para-
HNO3 25 25 50
HNO3/H2SO4 26 41 33
NOjBF" 29 58 13
2 .2  JüJfc^r a b l QiL..pr....2-i5r:diph.e.ny,lr.1,3 , .4r.tb ia d ia 2 o Ie ... and
i t s  m o n o n i tro -d e r iv a t iv e s .
S ince  system s co n s id e re d  so f a r  (C h ap te r 1) were n o t e x a c tly  
s im i la r  to  2 ,5 -d ip h e n y l-1 ,3 ,4 -o x a d ia z o le  (35) e i t h e r  s t r u c t u r a l l y  
o r  in  t h e i r  b eh av io u r tow ards e l e c t r o p h i l i c  s u b s t i t u t i o n  th e  
p re s e n t  in v e s t ig a t io n  f o r  th e  n i t r a t i o n  o f
2 ,5 -d ip h e n y l - 1 ;3 ,4 - th ia d ia z o le  (45) was i n s t i t u t e d  in  o rd e r  to  
g iv e  more in s ig h t  in to  th e  mechanism o f n i t r a t i o n  u nder v a r io u s  
c o n d i t io n s .
-  39 -
2 .2 .1  N i t r a t io n  o f_ 2 .5 -d iP h e n v l- l_ .3 . ^ - th la d la z o le .
The g e n e ra l method used  f o r  th e  p re p a ra t io n  o f
2 ,5 -d ip h e n y l - 1 ;3 ;4 - th ia d ia z o le  (45) has a lre a d y  been o u tl in e d  in  
57scheme 7 ( p . 7 )
In  o rd e r  to  compare th e  r e s u l t s  o f  n i t r a t i o n  o f  (35) w ith  
(4 5 ) ,  n i t r a t i o n  o f  (45) was c a r r ie d  o u t by s im i la r  methods as  
used f o r  th e  n i t r a t i o n  o f  2 , 5 -d ip h e n y l - 1 ,3 ,4 ~ o x a d ia z o le  (35) 
u s in g  d i f f e r e n t  n i t r a t i n g  ag e n ts  v i z . fuming n i t r i c  a c id  (d.
1 .5 ) ,  c o n c e n tra te d  s u lp h u r ic  a c id  (ji 1 .84) and n i t r i c  a c id  ( il
1 .5 ) and n itro n iu m  te t r a f lu o r o b o r a te  in  su lp h o la n e . A ll th e  s ix  
p o s s ib le  d in i t r o - is o m e rs  (46-51) were o b ta in ed  and w ere s e p a ra te d  
c le a n ly  as s ix  peaks (F ig u re  1) by h . p . l . c .  No 
m ononitro-com pound was observed  (Scheme 2 2 ) . The mono- and 
d in itro -co m p o u n d s w ere s y n th e s is e d  in d e p en d en tly  by th e  same 
g e n e ra l ro u te  as used f o r  (45) (Scheme 7 )^ ^ .
(45)  .  (46) + (1(7) + (48)
( o ,o '; 1 2 ï )  (m ,m ';4 ï)  ( p , p ' ; 2 2 %)
(49) + (50) + (51)
( o ,m '; l 6 ï )  ( o ,p '; 2 9 i )  (m ,p ';17% )
■3.Qh.eiag„22.
- 4 0 -
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Changing from fuming n i t r i c  a c id  to  a s t r o n g e r  medium such 
as  n i t r i c  a c id  and s u lp h u r ic  a c id  a g a in  r e s u l t e d  in  th e  fo rm atio n  
o f  a l l  th e  s ix  p o s s ib le  isom ers though th e re  was a d e f i n i t e  
in c re a s e  in  th e  p e rc e n ta g e  y ie ld  o f  met a - n i t ro - is o m e rs  (Scheme 
2 3 ) a t  th e  expense o f  p a r a -n i t r a t e d  p ro d u c ts .
(45) — HNO3/H2SO4 .  (46) + (47) + (48)
(o,o*;10%) (m,m';8%) (p,P*;16%)
(49) + (50) + (51)
(o,m*;20%) (o ,p ' ;2 5 $ )  (m,p';21$)
S im ila r ly  when n i t r a t i o n  o f  (45) was c a r r i e d  o u t w ith  
n itro n iu m  te t r a f lu o r o b o r a t e  i n  su lp h o la n e  (Scheme 24) a g a in  
enhancem ent o f  m e ta -n i t ro - is o m e rs  was observed  a t  th e  expense o f 
th e  p a ra -  an a lo g u e . There was a  sm a ll amount o f  
m o n o n itro -iso m ers  (< 1 . 0 %).
-  42
+
(45)  îiE z îT j ► (46) + ( 4 7 ) + (48)
( o , o ' ; 1 1%) (m,m*;1 2%) ( p , p ' ; 11%)
(49)  + (50) + (51)
(o ,m*; 2 6 ?) ( o ; p ' 2 0 %) (m, p* ; 2 0 %)
■■S.Qh,giag...2.4.
The r e s u l t s  o f  n i t r a t i o n  o f 2 ,5 -d ip h e n y l- l ,3 > 4 - th ia d ia z o le  
(45)  in  d i f f e r e n t  n i t r a t i n g  m edia a re  c o l le c te d  in  ta b le  7 .
M tra ti^ A .jp.f-2.j5r..d.iPhg,nyIr.T.»3.».4.--.t bia.d.lazi?Iê.
Isom er %
m tr a t lr n .  Agentl&). 2^2' Z a .' 2JL' 3U3.* 3JL» àJL' 
HNO3 12  16 2 9  4 17 2 2
HNO3/H2 SO4 10  20 25 8  21 16
NO2 BF4 11 26 2 0  1 2  2 0  11
-  43 -
2 .2 .2  N i t r a t io n  o f th e  m o n o n itro -d e r iv a tiv e s
N i t r a t io n  o f m o n o n itro -iso m ers  (52-54) u n d er th e  same 
c o n d itio n s  as  b e fo re  was c a r r ie d  o u t u s in g  d i f f e r e n t  n i t r a t i n g  
m edia. The r e s u l t s  a re  l i s t e d  in  t a b le s  8 -1 0 . The y ie ld s  a re  
e s s e n t i a l l y  q u a n t i t a t iv e  in  each c a se .
The n o t ic e a b le  f e a tu r e  o f  th e se  r e s u l t s  i s  a g a in  th e  
in c re a s e  in  th e  p ro p o r tio n  o f  m e ta -n i t r a t i o n  a s  th e  n i t r a t i n g  
medium i s  changed from n i t r i c  a c id  to  n i t r i c  a c id  in  s u lp h u r ic  
ac id  and n itro n iu m  te t r a f lu o r o b o r a t e .
-t able..,,8 
l(ltJia .tiPJL _af_2ri)hgm l= 5^io- n i t roph dny l ) r1
Isom er %
HitratingL. ,Agent,.(sJ,. 2 ,2'  2 ,3 ' 2 ,1 '
HNO3 36 3 2  3 2
HNO3/H2SO4 29 41 30
+NO2BF4 33 47 20
-  44 -
Tabl&_a
M t r at.j-.QA.. .pf-..2-ph.eny.3.r5.r.( mrni-tr-QPhÆnyl) ~..1 ^ 3., 4,T.tMM i.azQl.e.( 53,).
Isom er %
M.tra.tiAg-Age.ntI.al 2 ,3  ' 3jl3* 3 ,4'
HNO3 36 . 2 6  38
HNO./H^ SO^  36 30 34
NO,BF. 35 41 24
T able 10
M tr.at.i.oA -Q f-2-p tiQAyl-r 5.T.C Pr Al t r . c>pheny2irJ-, 3,14,r .t h la d ia 2  ol  q ( 54 )
Isom er $
M tr.atj.Ag.. Age.At( g) 2 ,4 ' 3.,4.' U i '
HNO3 3 2  20 48
HNO3 /H 2SO4 31 2 8  41
NO2BF4 34 36 3 0
-  45 -
I f  i t  can be assumed t h a t  th e  two n i t r a t i o n s  o f
2 , 5 - d ip h e n y l - 1 , 3 ,4 - th i a d ia z o le  (4 5 ) , l i k e  th o se  o f  i t s  o x ad iazo le  
analogue ( 3 5 ) ,  a re  in d ep en d en t o f  each o th e r ,  i t  i s  p o s s ib le  to  
c a l c u la te  isom er r a t i o s  f o r  th e  f i r s t  n i t r a t i o n  o f  th e  
th ia d ia z o le  (4 5 ) . These a re  shown below (T ab le  1 1 ).
■T.able-J..l.
Mono-nitration_j3f_ 2 .^ 5-d li^ en y l-l ,3 .,4 -t h ia dla&Ql@_ 
(In ferred  from the r e s u lt s  o f  ta b le s  7-10)
Isomer $
N itra tin g  A gent(s) .or.th.0- jaêiâ- PAT.a.-
HNO3 3 4  15 51
HNO3 /H 2SO4 33 2 3  44
NO2BF4 3 4  2 9  37
The method o f  c a l c u la t io n  i s  d e ta i le d  in  f ig u r e  2 .
” 4 6 ”
fJrg.ur.e.-2
N itr a t io n  o f 2 .5 -d iP h e n v l- l  . 3 .4 - th ia d i a z o le  i n  n i t r o n i im  
T e tr a f lu o ro b o ra te
2 ,5 -D ip h e n y l-1 ,3 ,4 - th ia d ia z o le  
(45).
0 . 2 9 6 0 . 3 4 7 0 . 2 4 0 0 . 3 2 70 . 3 4  1 C50)  0 . 3 6 3  ( 4 8 ]
( 4 9 )
( 4 9 )  0 . 4 1 3  ( 5 1 )
( 4 7 )
0 . 2 0  1
( 4 6 )  0 . 4 7 2  ( 5 0 )
( 4 7 )
0 .296x = 0.111 (1 )
0 .413y  = 0.117 (2)
0.327Z = 0.110 (3)
0.341X + 0.201y= 0.195 (4)
0.363% + 0.240Z = 0 .202 (5)
0 .347y  + 0.472Z = 0 .265 (6 )
from ( 1) X zO .111/0 .296  
= 0 .375
from (2) y = 0 .1 1 7 /0 .4 1 3  
= 0.283
from (3) z = 0 .1 1 0 /0 .3 3 6
= 0.336
- 4 7 -
from (4 ) by d iv id in g  w ith  0 .3 4 1 ; and from (5) by 0 .363  we g e t ,  
X + 0 .5892 = 0 .572  (7 )
X ± .O.t6.6.1y = 0, 556 (8)
By s u b s t r a c t in g  - 0 .6 6 ly  + 0 .589z = 0 .016 (9)
from (6) we g e t  y + 1 .360z = 0 .764  (11)
from (9) we g e t - y  + 0 .8 9 1 z = 0 .024  (12)
by adding  (11 & 12) 2 .251z  = 0 .788
z = 0 .7 8 8 /2 ,2 5 1  
= 0 .350
By p u t t in g  v a lu e  o f  z in  (7) we g e t ,
X = 0 .572  -  0 .206 
= 0 .366
By p u t t in g  th e  v a lu e  o f  z in  (11) we g e t ,
y = 0 .764  -  0 .476 
= 0 .288  
T h ere fo re  av erag e  v a lu e  o f
X = (0 .3 7 5  + 0 .3 6 6 )/2  
= 0.371 = 37 %
y z (0 .283  + 0 .2 8 8 )/2
= 0.286 = 29 %
z z (0 .3 5 0  + 0 .3 3 6 )/2
= 0 .343 = 34 35
— 48 —
I f  we compare ta b le s  2-6 w ith  7 -1 1 , i t  becomes obv ious t h a t  
in  th e  ca se  o f  2 ,5 -d ip h e n y l-1 , 3 » 4 - th ia d ia z o le  (45) v i s - à - v i s
2 .5 -d ip h e n y l-1 , 3 ,4 -o x a d ia z o le  (3 5 ) ,  th e re  i s  very  much l e s s
v a r i a t io n  in  isom er r a t i o s  as  th e  n i t r a t i n g  medium i s  changed.
In  t h i s  r e s p e c t  th e  beh av io u r o f 2 ,5 -d ip h e n y l-1 ,3 ,4 - th ia d ia z o le
(45) l i e s  somewhere between t h a t  o f  2 ,5 -d ip h e n y lo x a z o le  ( 3 0 ) ,  in
which th e  isom er r a t i o  i s  a lm ost c o n s ta n t  i r r e s p e c t iv e  o f  th e
n i t r a t i n g  medium, and th a t  o f  2 ,5 -d ip h e n y l-1 ,3 ,4 -o x a d ia z o le  (3 5 ) ,
i n  which th e  r a t i o s  vary  c o n s id e ra b ly . I t  was co n s id e re d
p o s s ib le  t h a t  t h i s  m ight be due to  d i f f e r e n c e s  in  pK^^s o f  th e
65th r e e  compounds; S agar had a lre a d y  c a lc u la te d  th e  pK^ o f
2 .5 -d ip h e n y l-1 ,3 ,4 -o x a d ia z o le  (35) to  be -1 .2 0  and - 2 .4 5 ,  b u t th e  
pK ^'s o f  th e  o th e r  two compounds have n o t been  p re v io u s ly
m easured .
2.3 Datermihation of  o£ 2 i5-diph.aAy.lrl.,3_,4--thladl .azola
and. 2 ,5-.di pha ny I.oxaz o la .
The d e te rm in a tio n  o f  io n i s a t io n  c o n s ta n t  by u l t r a v i o l e t  
sp ec tro p h o to m etry  depends upon th e  d i r e c t  d e te rm in a tio n  o f  th e  
r a t i o  o f m o le c u la r  s p e c ie s  ( n e u t r a l  m olecu le ) to  io n is e d  
s p e c ie s .  For t h i s  p u rp o se , th e  spectrum  o f th e  m o lecu la r s p e c ie s  
i s  o b ta in e d  in  a s o lu t io n  whose pH i s  so  chosen  th a t  th e  compound 
to  be m easured i s  p r e s e n t  w holly  as u n p ro to n a ted  s p e c ie s .  This 
spectrum  i s  compared w ith  t h a t  o f  th e  pu re  io n is e d  s p e c ie s  
s im i la r ly  o b ta in e d  a t  a n o th e r  s u i t a b le  pH.
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The w aveleng th  chosen  f o r  pK^ d e te rm in a tio n  i s  th e  one a t  
which th e  g r e a t e s t  d i f f e r e n c e  betw een th e  abso rbance  o f  th e  two 
s p e c ie s  i s  ob serv ed . T h is i s  term ed th e  a n a ly t i c a l  w ave len g th .
A ccord ing ly  th e  abso rbance o f  th e  two compounds (30 and 45) 
under c o n s id e ra t io n  was ta k e n  in  g l a c i a l  a c e t ic  a c id  (jl 1 .05) and 
g l a c i a l  a c e t i c  a c id  and c o n c e n tra te d  s u lp h u r ic  a c id  ( ji 1 .84) 
m ix tu re  (6 3 .5 /3 5 .5  w /w ). The w avelength  s e le c te d  on th e  b a s is  o f 
t h e i r  abso rbance  was 340 nm. By m easuring abso rbance  a t  v a r io u s  
a c id  c o n c e n tra t io n s  in te rm e d ia te  betw een th o se  a t  which th e  
s p e c t r a  o f  th e  two s p e c ie s  w ere o b ta in e d , th e  r a t i o  o f io n is e d  to  
m o lecu la r s p e c ie s  can be c a lc u la te d .  I t  i s  p o s s ib le  because  a 
s e r i e s  o f  two-component m ix tu re s  i s  formed in  which th e  r a t i o  o f
th e  two s p e c ie s  depends s o le ly  upon th e  a t  which th e  s o lu t io n
i s  o p t i c a l l y  m easured. The observed  o p t i c a l  d e n s i ty  d , a t  th e  
a n a ly t i c a l  w aveleng th , w i l l  be due to  th e  sum o f th e  o p t i c a l
d e n s i t i e s  o f  th e  io n is e d  s p e c ie s  d^ and m o lecu la r s p e c ie s  d^ ;^
i . e .  d = dj. + dj^
The o p t i c a l  d e n s i ty  o f  e i t h e r  component i s  r e l a t e d  to  i t s  
m olar c o n c e n tra t io n  C by a  g e n e ra l e x p re s s io n
d = &L . l . c
where S- i s  th e  m olar e x t in c t io n  c o e f f i c i e n t  o f  th e  p a r t i c u l a r  
s p e c ie s
and 1 i s  th e  o p t i c a l  p a th - le n g th  o f  th e  c e l l .
The pK^ o f  a  b ase  i s  re p re s e n te d  by th e  r e la t io n s h ip
-  50 -
pKg = pH + lo g  ( 6 - 6. J . - &)
w here 6-j i s  th e  e x t in c t io n  c o e f f i c i e n t  o f th e  p ro to n a te d  base  
( io n )  a t  th e  a n a ly t i c a l  w aveleng th , i s  th e  e x t in c t io n
c o e f f i c i e n t  o f  th e  u n p ro to n a ted  m olecu le a t  th e  a n a ly t ic a l  
w aveleng th  and & i s  th e  e x t in c t io n  c o e f f i c i e n t  o f th e  m ix tu re  o f 
io n s  and m o lecu les  a t  th e  same w aveleng th .
I f  th e  same c e l l  p a th - le n g th  i s  used  f o r  a l l  th e  
m easurem ents and c o n c e n tra t io n  o f  th e  compound k e p t c o n s ta n t f o r  
a l l  m easurem ents th e n  o p t i c a l  d e n s ity  becomes d i r e c t l y  
p ro p o r tio n a l  to  th e  m olar e x t in c t io n  c o e f f i c i e n t ;
i . e .  d oc ^
At h ig h  a c i d i t i e s  i s  a  more a c c u ra te  m easure o f  a c id i ty  
th a n  pH; th e  above e q u a tio n  f o r  pK^ can be r e w r i t t e n  as
pK^ = H^ + lo g  (d  -  d^J/C d^ -  d ) .
The s p e c tro s c o p ic  m ethod, th e r e f o r e ,  in v o lv e s  th e  d e te rm in a tio n  
o f  th e  r e l a t i v e  amounts o f  th e  f r e e  base  and io n is e d  s p e c ie s ,  
when th e  base i s  d is s o lv e d  in  a  s e r i e s  o f s o lu t io n s  o f  a c c u ra te ly  
known a c id  s t r e n g th  (H ^).
The H^ v a lu e s  f o r  th e  m ix tu re  o f c o n c e n tra te d  s u lp h u r ic  ac id
87and a c e t ic  a c id  have been de term ined  by H a ll and Spengeman and 
l i e  betw een + 0.09 to  - 6 .0 3 .  The H^ v a lu e s  f o r  pu re  a c e t ic  a c id
-  51 -
( c o n ta in in g  no s u lp h u r ic  a c id )  was o b ta in e d  by g ra p h ic a l
87e x t r a p o la t io n  o f  H a ll and Spengem an's d a ta .  The r e s u l t s  o f 
th e se  d e te rm in a tio n s  a re  p re se n te d  in  th e  g ra p h ic a l  form ( f ig u r e  
3 and 4 ) .
The pK o f th e  base  i s  ta k e n  to  be th e  H a t  h a l f  p ro to n a t io n  a  o
w ith  t h i s  g ra p h ic a l  approach  ( th e  H^ v a lu e  halfw ay betw een th e  
h o r iz o n ta l  p o r t io n s  o f  th e  c u rv e ) . The two r e s u l t s  a re  as 
u n d e r: -
i )  2 ,5 -d ip h e n y l-1 , 3 ,4 - th ia d ia z o le  - 0 .2 5 ,  - 1 .3 4 ;
i i )  2 ,5 -d ip h e n y lo x a z o le  + 0 .5 0 .
2 .3 .1  Comments on tk e _ b a s ic i tv  r e s u l t s
On c lo s e  o b s e rv a tio n  o f  f ig u r e  3 and 4 i t  becomes obv ious 
t h a t  as  th e  a c id  s t r e n g th  in c re a s e s  so  does th e  d e n s i ty  in  a 
s te p w ise  fa s h io n . Each s te p  must co rrespond  to  a  change in  th e  
sp e c ie s  p r e s e n t .
So f a r  as th e  o x azo le  i s  concerned  ( f ig u r e  4) th e  r e s u l t s  
seems to  to  be f a i r l y  s im p le  to  i n t e r p r e t ,  th e re  be ing  o n ly  one 
c e n tre  where p ro to n a t io n  can ta k e  p la c e . One s te p  observed  ( a t  
h a l f  p ro to n a t io n ,  pK^) in  th e  curve could  be a t t r i b u t e d  to  a 
p ro to n a t io n  o f th e  n it ro g e n  atom and s in c e  th e re  does n o t seem to  
be any ev id en ce  from ex p e rim en ta l d a ta ,  t h a t  a n o th e r  b ig  change
— 52"
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in  abso rbance (a n o th e r  s te p )  has ta k en  p la c e  a f t e r  th e  f i r s t
change, i t  cou ld  be s a f e ly  assumed th a t  genu ine  p ro to n a t io n  has
88ta k e n  p la c e . (The pK^ o f oxazo le  i s  0 .80)
The p ro to n a t io n  beh av io u r o f 2 ,5 -d ip h e n y l- 1 ,3 ,4 - th ia d ia z o le  
in  s u lp h u r ic  a c id  and a c e t i c  a c id  i s  s im i la r  to  t h a t  o f 
p ro to n a t io n  o f  2 ,5 -d ip h e n y l-1 ,3 ,4 -o x a d ia z o le ^ ^ . E i th e r  th e  f i r s t  
s te p  i s  th e  m onopro tonation  o f  th e  compound and th e  second s te p  
i s  th e  d ip ro to n a t io n  o f th e  compound ( 45 ) ,  o r a l t e r n a t iv e ly  th e  
f i r s t  s te p  i s  th e  fo rm a tio n  o f  an in te rm e d ia te  and th e  second 
s te p  i s  th e  u l t im a te  fo rm a tio n  o f  a  raonoprotonated m o lecu le .
The r e s u l t s  f o r  2 ,5 -d ip h e n y l - l ,3 » 4 - th ia d ia z o le  (45) a re  
s im i la r ly  n o t s t r a ig h tfo rw a rd  as th e re  a re  two a d ja c e n t  
n i t ro g e n s ,  e i t h e r  o f  which could  be in d iv id u a l ly  p ro to n a te d  a f t e r  
each a n o th e r ;  t h i s  cou ld  co rresp o n d  to  th e  two s te p s  in  th e  
a b so rp tio n  cu rve o f th e  compound. As in  th e  ca se  o f  th e  
o x a d ia z o le , however, th e  d i f f e r e n c e  observed  in  th e  pK^^s o f  
th e se  two s te p s  i s  sm all as  compared to  th e  d i f f e r e n c e  expec ted  
( f ig u r e  3) from such c lo s e  p ro x im ity  o f  two p o s i t iv e  c e n t r e s .  
S im ila r ly  th e  observed  d if f e r e n c e  in  pK^^s ex p ec ted , i f  one o f '  
th e  n i t ro g e n s  i s  p ro to n a te d  and th e  o th e r  p ro to n a t io n  occu rs  a t  
su lp h u r i s  s t i l l  sm a ll.
From th e  fo re g o in g  th e  fo llo w in g  can be p o s tu la te d
In  th e  f i r s t  s te p  th e  e lem en ts  o f  a c e t ic  a c id  a re  added
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a c ro s s  one o f  th e  n itro g e n -c a rb o n  bonds (Scheme 2 5 ) . The
ace to x y -g ro u p  i s  e lim in a te d  in  th e  second s te p  to  g iv e  a 
p ro to n a te d  th ia d ia z o le .  This i s  s im i la r  to  w hat has been 
proposed  f o r  th e  o x ad iazo le^^ * ^^ .
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A l o t  o f  work s t i l l  has to  be done b e fo re  an y th in g  d e f i n i t e  
can be s a id  abou t th e  fo re g o in g  p o s s i b i l i t y .
2 .4  In te rp re ta tio n _ Q f_  th e  reaults__of_jbhe n i t r a t i o n
Of .,2.»5~.di phgi;yl - .1 ■»3.t 4 -oxadl.e2 .oi&_and -th iad la& ols
On th e  b a s is  o f  th e  n i t r a t i o n  r e s u l t s  in  s e c t io n  2 . 3 1 any 
mechanism proposed  m ust be cap ab le  o f e x p la in in g  th e  fo llo w in g  
ex p e rim en ta l r e s u l t s .
a) U nlike th e  ca se  o f  2 ,5 -d ip h e n y lo x a z o le  (30) th e r e  a re  
a p p re c ia b le  v a r ia t io n s  in- th e  isom er r a t i o s  o b ta in e d  f o r  th e  
n i t r a t i o n  o f  2 , 5 -d ip h en y 1 - 1 ,3 ,4 - th ia d ia z o le  (45) under
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d i f f e r e n t  r e a c t io n  c o n d it io n s  b u t n o t to  such  an e x te n t  as  
in  th e  ca se  o f 2 , 5 -d ip h en y 1 - 1 ,3 i4 -o x a d ia z o le  (3 5 ) .  The 
g e n e ra l beh av io u r p a t te r n  o f  (45) l i e s  somewhere betw een th e  
o x azo le  (30) and th e  o x a d ia z o le  (3 5 ) .
b) N i t r a t io n  o f th e  pheny l r in g  i s  e f f e c t i v e l y  i r r e v e r s i b l e  
[T h is  c o n c lu s io n  i s  drawn from th e  th r e e  n i t r a t i o n s  o f  th e  
m o n o -n itro -iso m ers  o f  o x a d ia z o le  and th i a d ia z o le  ( t a b l e s  3-5 
and 8-10) when in  each case  on ly  th r e e  p ro d u c ts  were 
o b ta in e d ] .
c) Changing from  fuming n i t r i c  a c id  to  n i t r i c  a c id  in  
s u lp h u r ic  a c id  and from th e re  to  n itro n iu m  te t r a f lu o r o b o r a te  
th e re  i s  a  m e ta -e f f e c t  in  th e  n i t r a t i o n  o f
2 . 5 -d ip h e n y l-1 ,3 ,4 - th ia d ia z o le  (45) b u t a g a in  n o t so 
pronounced an e f f e c t  a s  in  th e  ca se  o f
2 .5 -d ip h e n y 1 -o x a d ia z o le  ( 35 ) .
d) 2 ,5-D ipheny1 - 1 ,3 ,4 - th ia d ia z o le  (45) i s  s l i g h t l y  more 
b a s ic  as  compared to  2 , 5 -d ip h en y 1 - 1 ,3 ,4 -o x a d ia z o le  (3 5 ) .
e) In  n i t r a t i o n  w ith  n itro n iu m  te t r a f lu o r o b o r a t e  th e r e  i s  no 
s im i la r  in c re a s e  in  o r th o - n l t ro - is o m e r  in  th e  case, o f  
th ia d ia z o le  (45) l i k e  th e  o x ad iazo le  (3 5 ) .
The pK^ v a lu e s  o f  2 , 5 -d ip h en y 1 - 1 ,3 ,4 - th ia d i a z o le  a re  -0 .2 5  
and -1 .3 4  ( f ig u r e  3) a n d .th e  pK^ v a lu e s  o f  o x a d ia z o le  (35) a re  
-1 .2 0  and - 2 .4 5 ,  th e  a re a  w herein  th e  s p e c ie s  can undergo
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e l e c t r o p h i l io  s u b s t i t u t i o n  e i t h e r  a s  f r e e  base  o r  as  a co n ju g a te  
a c id  depending on th e  a c id  s t r e n g th  o f  th e  medium. I t  i s  , 
th e r e f o r e ,  re a so n a b le  to  assume th a t  th e  v a r i a t io n  in  isom er 
r a t i o  o b ta in e d  i n  bo th  c a se s  may be accoun ted  f o r  in  p a r t  a t  
l e a s t  by a v a r i a t io n  in  s p e c ie s  o r  a v a r i a t io n  in  m ix tu re  o f  
s p e c ie s  undergo ing  n i t r a t i o n  under d i f f e r e n t  r e a c t io n  c o n d itio n .
The o v e r a l l  r e s u l t s  o f  th e  n i t r a t i o n  cou ld  be e x p la in ed  i f  
th e  ty p e (s )  o f  s p e c ie s  undergo ing  n i t r a t i o n  cou ld  be id e n t i f i e d  
and th e  d i r e c t i v e  e f f e c t  they  can have on th e  incom ing 
e l e c t r o p h i le s  can be d e te rm in ed .
a) In  th e  case  o f  th e  n e u t r a l  s p e c ie s  th e  e f f e c t  o f  th e  
h e te ro c y c l ic  r in g  on th e  phenyl r in g  ap p ea rs  to  be s l i g h t l y  
d e a c t iv a t in g  as compared to  benzene, b u t due to  t h i s  f e e b le  
e f f e c t  no d e f i n i t e  d i r e c t iv e  in f lu e n c e  ap p ea rs  l i k e l y  and 
n i t r a t i o n  in  a l l  th e  th r e e  p o s i t io n s  may th e re f o r e  ta k e  
p la c e  (c r t h o - , , ü s jc a - ) .
b) Because th e  atoms in  th e  h e te r o - r in g  a re  
e l e c t r o n - r ic h  ( s ix  f l - e l e c t r o n s  a re  d i s t r i b u t e d  over f iv e  
atom s) th e r e f o r e  as  compared to  a  six-m em bered r in g  a 
p ro to n a te d  five-m em bered r in g  w i l l  n o t be as 
e le c tro n -w ith d ra w in g  as  a  p ro to n a te d  six-m em bered r in g  b u t 
i t  can s t i l l  have a r e s id u a l  e f f e c t  ( -1 )  on th e  a t ta c h e d  
phenyl r in g  th rough  sigm a bonds, and i f  th e  r in g s  a re  
c o p la n a r , th rough  c o n ju g a tio n  o f  f l-b o n d s  (m esom eric 
e f f e c t ) .
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I t  must be remembered, o f  c o u rse , t h a t  th e  p ro to n a t io n
o f  th e  h e te ro c y c le  on n i t r o g e n  makes th e  pheny l g roups
n o n -e q u iv a le n t , and th e  n i t r a t i o n  in  th e se  two r in g s  may
th e re f o r e  be d i f f e r e n t  bo th  in  r a t e  o f  r e a c t io n  and in
isom er r a t i o .  The r in g  n e a r e s t  to  th e  p ro to n a te d  n it ro g e n
p ro b ab ly  w i l l  be l e s s  r e a c t iv e  due to  th e  s t a t i c  and
70 71n e g a tiv e  in d u c tiv e  e f f e c t s  o f  th e  ( p o s i t iv e  p o le ' * even 
i f  we ig n o re  th e  -fM e f f e c t .  In  th e  second n i t r a t i o n  s te p ,  
th e  s t a r t i n g  m a te r ia l  (m o n o -n itro  compound) may be 
p ro to n a te d  a t  e i t h e r  o f  th e  two (now n o n -e q u iv a le n t)  
n i t r o g e n s ,  and each o f th e s e  two s p e c ie s  may g iv e  d i f f e r e n t  
isom er r a t i o s .
c) There i s  y e t  an o th e r p o s s i b i l i t y .  E i th e r  o f  th e  
n i t ro g e n s  cou ld  be q u a te rn is e d ,  by th e  n itro n iu m  io n  
(NOg^). I f  N-3 in  th e  s t r u c t u r e  (57) i s  q u a te rn is e d ,  i t  i s  
re a so n a b le  to  ex p ec t th e  5 -p h en y l group to  be more r e a c t iv e ,  
s in c e  i t  i s  f u r th e r  from th e  p o s i t i v e ly  charged  c e n t r e ;  in  
th e  second n i t r a t i o n  s te p ,  th e  2 -p h en y l s u b s t i tu e n t  would be 
in v o lv e d , and in t r a m o le c u la r  t r a n s f e r  o f  th e  n i t ro -g ro u p  
( c f . p .33) may th e n  become im p o rta n t .  T his id e a  i s  su p p o rted  
by th e  r e s u l t s  in  th e  o x a d ia z o le  s e r i e s  (T ab le s  3 - 7 ,p . 34) in
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which th e re  i s  a la rg e  o r th o - e f f e c t  in  th e  second n i t r a t i o n  
s te p .
NO
(57)
I I
The v a r i a t io n  in  isom er r a t i o s  being  la rg e  in  th e  ca se  o f  
th e  o x ad iazo le  (35) as compared to  th e  th ia d ia z o le  (45) cou ld  be 
accoun ted  f o r  by c o n s id e r in g  th e  d i f f e r e n c e  in  pK^^s and by 
presum ing th a t  th e  r a t i o s  o f  d i f f e r e n t  s p e c ie s  undergo ing  
n i t r a t i o n  in  bo th  c a se s  may be d i f f e r e n t .
The o x azo le  (30) and th e  b enzim idazo le  (29) show l i t t l e  
v a r i a t io n  in  isom er r a t i o s  when th e  c o n d itio n s  a re  changed; s in c e  
th e se  a re  more b a s ic  th a n  th e  o x ad iazo le  and th i a d ia z o le ,  i t  may 
be presumed th a t  b o th  a re  n i t r a t e d  as c o n ju g a te  a c id s .
2 .4 .1  _Nitrntion_JLn_Ni±ri.c_ AciÆ_and Sulphuric.. A.cid.
I t  has been  proposed  t h a t  2 , 5 -d ip h en y 1-
1 » 3 ,4 -o x a d ia z o le ^ ^ ^^^(35) in  n i t r i c  a c id  and s u lp h u r ic  a c id  
m ix tu re  undergoes n i t r a t i o n  as  i t s  c o n ju g a te  a c id .  By analogy , 
we propose t h a t  2 , 5 -d ip h en y 1 - 1 ,3 ,4 - th ia d ia z o le  (45) a ls o  
undergoes n i t r a t i o n  as a c o n ju g a te  a c id  in  t h i s  medium, 
e s p e c ia l ly  s in c e  i t  i s  more b a s ic  th a n  (3 5 ) .  I t  i s  f u r th e r
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assumed t h a t  m o n o -p ro to n a tio n  ta k e s  p la c e  on one o f  th e  
h e te r o c y c l ic  n i t ro g e n s  and f o r  th e  d u ra tio n  o f  th e  n i t r a t i o n  th e  
s i t e  o f p ro to n a t io n  does n o t change.
P ro to n a tio n  o f  bo th  th e  h e te ro -a to m s a t  th e  same tim e i s  
l e s s  l i k e l y  as  th e  s i t e s  o f  p ro to n a t io n  a re  a d ja c e n t and 
s t a b i l i s a t i o n  o f bo th  p o s i t iv e  ch a rg es  in  such c lo s e  p ro x im ity  i s  
d i f f i c u l t .
In  th e  second s ta g e  o f  n i t r a t i o n  o f  bo th  (35) and 
(4 5 ) (T ab le s  3-5 and 8-10) in  n i t r i c  a c id  and s u lp h u r ic  ac id  th e re  
i s  a  c o n s id e ra b le  in c re a s e  o f  met a - n i t r a t i o n  a s  compared to  
n i t r a t i o n  in  n i t r i c  a c id  a lo n e .
The d if f e r e n c e  in  isom er r a t i o s  betw een th e  f i r s t  n i t r a t i o n  
and th e  second n i t r a t i o n  may be due to  th e  f a c t  t h a t  th e  two 
d i f f e r e n t  p ro to n a te d  s p e c ie s  may be undergo ing  n i t r a t i o n .  I n  th e  
second s ta g e  o f  n i t r a t i o n  th e  in c re a s e  in  m e ta -s u b s t i t u t i o n  could  
be accounted  f o r  by th e  m ajor s i t e  o f  p ro to n a t io n  be ing  n e a re r  to  
th e  pheny l r in g  undergo ing  n i t r a t i o n  and th u s  e x e r t in g  a 
'p o s i t i v e  p o le ' e f fe c t^ ^ * ^ ^ .
The fo re g o in g  argum ents based on th e  r e s u l t s  o f n i t r a t i o n  o f  
(45) a re  c o n s is te n t  w ith  th e  id e a  t h a t  th e  s i t e  o f  p ro to n a t io n  
does n o t change d u rin g  n i t r a t i o n  and th e  p o s s i b i l i t y  th a t  two o r  
more s p e c ie s  a re  in v o lv ed  in  th e  second n i t r a t i o n  canno t be ru le d  
o u t.
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2 .4 .2  M.t£.a.U .oiLJ?i!. ip h ffjpyl r . 1 3^4 - thJLWia%Alje...liLJiltrl<3_..%3id.
U n like  2 ,5 -d ip h e n y l-1 , 3 » 4 -o x ad iazo le  ( 35 ) ,  when
2 ,5 -d ip h e n y 1 - 1 ,3 ,4 - th ia d ia z o le  (45) i s  n i t r a t e d  in  fuming n i t r i c  
a c id  a lo n e  th e  n i t r a t i o n  p ro d u c ts  a re  n o t v e ry  s ig n i f i c a n t l y  
d i f f e r e n t  from th o se  o b ta in e d  in  s u lp h u r ic  a c id  and n i t r i c  a c id .  
The on ly  d i f f e r e n c e  i s  t h a t  th e r e  i s  a s l i g h t  in c re a s e  in  
p a r a -n i t ro - is o m e rs  and a s l i g h t  d e c re a se  in  m e ta -n i t ro - is o m e rs  
b u t t h i s  e f f e c t  i s  n o t n e a r ly  as pronounced as  i s  th e  case  w ith  
o x a d ia z o le  (3 5 ) .
A t e n t a t i v e  e x p la n a tio n  f o r  th e  d i f f e r e n c e  in  n i t r a t i o n  
b eh av io u r betw een th e  o x a d ia z o le  (35) and th e  th ia d ia z o le  (45) 
may be as fo llo w s  (a lth o u g h  i t  s t i l l  has to  be p ro v ed ).
S ince  th e  th ia d ia z o le  i s  somewhat more b a s ic  th a n  th e  
o x a d ia z o le , i t  may be p ro to n a te d  to  a g r e a t e r  e x te n t  th a n  th e  
o x ad iazo le  in  th e  fuming n i t r i c  a c id .  A l te rn a t iv e ly  i t  may be 
q u a te rn is e d  by to  a g r e a t e r  e x te n t .  There would th u s  be
l e s s  d i f f e r e n c e  in  th e  s p e c ie s  p re s e n t  betw een th e  d i f f e r e n t  
n i t r a t i n g  m edia th a n  i s  th e  c a se  w ith  th e  o x a d ia z o le , and 
th e re fo re  l e s s  v a r i a t io n  in  isom er r a t i o s .
2 .4 .3  N i t r a t io n  in  su lpho lane. wl_t.h- nltrj3.nium. .t .e tra f lnoro.borat.@.
. R e su lts  o b ta in e d  by th e  n i t r a t i o n  o f  2 ,5 -d ip h e n y l-
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1 »3»^~th ia d ia z o le  (45) in  th e  n o n -a c id ic  medium u s in g  n itro n iu m  
te t r a f lu o r o b o r a t e  show a  s im i la r  tre n d  to  i t s  o x a d ia z o le  
an a lo g u e , i . e . t h e  enhancem ent o f  m e ta -n i t r o - is o m e r .  But th e  
s im i l a r i t y  ends th e re ;  in c re a s e  in  th e  p ro p o r tio n  o f  
o r th o - n i t r o - i s o m e r .e s p e c ia l ly  in  th e  second n i t r a t i o n  s te p ,  does 
n o t ta k e  p la c e  in  th e  ca se  o f  ( 4 5 ) .
As has been ex p la in e d  above, t h i s  o r th o - s u b s t i t u t i o n  o f  (35) 
has  been a t t r i b u t e d  to  an in tra m o le c u la r  t r a n s f e r  o f  NOg"*" from 
th e  h e teroa tom  to  th e  a d ja c e n t  o r th o - p o s i t io n  o f  th e  phenyl r in g  
( Scheme 2 6 ) .
NO
A N N
jSgh.eme-2j6.
In  th e  case  o f  th e  th ia d ia z o le  i t  i s  proposed  t h a t  th e  
in c re a s e d  b a s i c i t y  may in d ic a te  a c o rre sp o n d in g  in c re a s e  in
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n u c le o p h i l io i ty  o f  th e  h e te ro a to m s, and th a t  th e  NOg"*" group may 
th e re f o r e  be l e s s  e a s i l y  d e ta c h a b le  from th e  h e te ro a to m s. T his 
would r e q u ir e  t h a t  most o f  th e  n i t r a t i o n  p ro c e ss  i s  
in te rm o le c u la r  and would g iv e  isom er r a t i o s  s im i la r  to  th o se  in  
s t ro n g ly  a c id  c o n d itio n s  ( s e c t io n  2 . 4 . 1 ) .
- I t  i s  a l s o  p o s s ib le  o f  c o u rs e , t h a t  th e  d if f e r e n c e  betw een 
th e  o x a d ia z o le  and th ia d ia z o le  s e r i e s  may be th e  r e s u l t  o f  th e  
d i f f e r e n t  geom etry o f th e  h e te ro c y c l ic  r in g s ;  th e  
p h en y 1 -h e te ro cy c le  C-C bonds a re  much more n e a r ly  l i n e a r  in  th e  
th ia d ia z o le  (b ecau se  o f  th e  l a r g e r  su lp h u r a to m ), and i t  may be 
t h a t ,  in  th e  o x a d ia z o le , th e  geom etry i s  p a r t i c u l a r l y  fa v o u ra b le  
fo r  th e  in t r a m o le c u la r  r e a c t io n .
A l o t  o f  e x p e rim en ta l work has to  be done in  t h i s  f i e l d  
b e fo re  d e f i n i t e  c o n c lu s io n s  cou ld  be d e r iv e d  in  th e se  
s u b s t i t u t i o n  r e a c t io n s .
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3.1 B ro in ination  o f 2 ~ p h e n v l-^ 5 -(p -n itro p h e n v l)~ 1 .3 .4 -o x a d ia z o le
P o ly (b rom opheny lene-1 ,3 f4“ O xad iazo les) (59) compared w ith
t h e i r  unbrom inated  an a lo g u es , have enhanced flam e r e s i s ta n c e  
91p r o p e r t i e s  and th e re  i s  to  some e x te n t  an o v e r a l l  im provement 
o f  t h e i r  o th e r  p r o p e r t ie s  such as te a r in g  s t r e n g th .
The brom ine in  th e se  polym ers i s  in tro d u c e d  e i t h e r  u s in g  
b ro rao -d ica rb o x y lic  a c id  monomers o r  by b ro ra in a tio n  o f  th e  
polym ers u s in g  brom ine in  o leum ^'^^*^^.
(5 9 )
B rom ination  o f  th e  low m o lecu la r w eigh t an a lo g u es such as ( 60 ) ,
65c a r r ie d  o u t i n  oleum , r e s u l t s  in  p o ly b ro m in a tio n  and each 
phenyl r in g  i s  brom inated  w ith  up to  f iv e  brom ines a cc o rd in g  to  
th e  number o f  s u b s t i tu e n ts  a lre a d y  p re s e n t  and th e  q u a n t i ty  o f
-  65 -
brom ine used*
Polym ers d e r iv e d  from m ix tu re s  o f monomers o r  by 
m o d if ic a t io n  ( e .g .  b ro m in a tio n ) o f  a n o th e r  polym er w i l l  n o t be 
homogeneous and t h e i r  p r o p e r t i e s  w i l l  d i f f e r  from  b a tch  to  
b a tc h . So th e  number o f  brom ine atoms p r e s e n t  and t h e i r  
o r i e n t a t i o n  in  each pheny l r in g  o f th e  m o lecu le  becomes 
im p o rta n t .  A s tu d y  was u n d ertak en  to  i n v e s t ig a t e  th e se  
p a ram e te rs  and to  d e te rm in e  i f  some c o n tro l  cou ld  be e x e rc is e d  
o v er th e  number o f  brom ine atoms e n te r in g  each pheny l r in g  and 
t h e i r  o r i e n t a t i o n  w ith  r e s p e c t  to  each  o th e r ,
M onobrom ination o f  each phenyl r in g  o f
2 ,5 -d ip h e n y l-1 ,3 ,4 -o x a d ia z o le  (35) g iv e s  s ix  p o s s ib le  iso m e rs , 
and d ib ro m in a tio n  o f  each  phenyl r in g  g iv e s  tw en ty -one p o s s ib le  
iso m e rs . In  o rd e r  to  keep th e  number o f  b ro m in a tio n  p ro d u c ts  
w ith in  m anageable l i m i t s ,  one phenyl r in g  can be d e a c tiv a te d  
tow ards f u r th e r  e l e c t r o p h i l i c  s u b s t i t u t i o n  under th e  c o n d itio n s  
employed by th e  in t r o d u c t io n  o f  a n i t ro -g ro u p .  Even th e n  th e re  
a re  th r e e  isom ers o f  m onobrom ination ( 61) ,  ( 6 2 ) ,  and ( 6 3 ) ,  and
s ix  p o s s ib le  d ib rom o-isom ers ( 6 4 ) - ( 6 9 ) .
N N
( 6 0 )
x = o,s
“ 66 “
NO
(61)
NO
( 6 2 )
( 6 3 ) Br Br
( 66 )
( 6 7 )
NO
( 68 )
( 6 9 ) ( 4 4 )
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65From th e  p re v io u s  work , th e  r e l a t i v e  la c k  o f  r e a c t i v i t y  o f
th e  phenyl r in g  in  (44) tow ards e l e c t r o p h i l i c  s u b s t i t u t i o n  was
known and v a r io u s  b ro m in a tin g  te c h n iq u e s  were t r i e d  to  b rom inate
( 44 ) ,  b u t th e  method which gave th e  most en cou rag ing  r e s u l t s  was
92one o f  D e rb y sh ire  and W aters* methods fo r  b ro m in a tio n  o f
u n re a c tiv e  a ro m a tic  r in g s ,  u s in g  brom ine and p o ta ss iu m  brom ate in  
s u lp h u r ic  a c id  and a c e t i c  a c id .
F i r s t  b ro m in a tio n  o f  (44) was c a r r ie d  o u t in  th e  manner
92o u tl in e d  by D erb y sh ire  and W aters u s in g  a  1 : 1 : 2  r a t i o  o f 
o x a d ia z o le  (44) to  brom ine to  po tassium  brom ate.
The s e p a r a t io n  o f  p ro d u c ts  in  th e  n i t r a t i o n  ex p erim en ts  used 
a  * norm al phase* h . p . l . c .  column ( s i l i c a ) .  In  t h i s  case  
how ever, s e p a ra t io n  u s in g  a norm al phase column cou ld  n o t be 
e f f e c te d ,  because  o f  th e  s i m i l i a r i t y  in  th e  p o la r i ty  o f  th e  
p ro d u c ts . A * r e v e r s e  phase* column w ith  a h ig h  p e rc e n ta g e  (15%) 
o f  CDS was however ab le  to  e f f e c t  s e p a ra t io n  o f  th e  v a r io u s  
iso m e rs .
In s te a d  o f  th r e e  peaks exp ec ted  on m onobrom ination o f  (44) 
seven  peaks w ere o b ta in e d  ( f ig u r e  5 and ta b le  12 l i n e  2 ) .  I t  was 
assumed th a t  p a r t i a l  d ib ro m in a tio n  had a ls o  ta k e n  p la c e .
Compound (44) was brom inated  once more u s in g  2 : 1 : 2  r a t i o  o f  
o x a d ia z o le  (44) to  brom ine to  po tass iu m  brom ate. We a g a in
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o b ta in e d  th e  same seven  peaks b u t in  d i f f e r e n t  p ro p o r tio n s  
( f ig u r e  6 ) .
3 .2  A nalysis , o f  B rom ination  P ro d u c ts
Tn o rd e r  to  e v a lu a te  th e  r e s u l t s  o f  b ro m in a tio n  a l l  th e  n in e  
compounds l i s t e d  e a r l i e r  (61-69) w ere s y n th e s is e d . With th e  h e lp  
o f  th e s e  compounds, th e  v a r io u s  b ro m in a tio n  p ro d u c ts  were 
id e n t i f i e d  and th e  m ix tu re s  q u a n t i t a t iv e l y  an a ly se d .
The f i r s t  peak in  bo th  c a se s  was u n reac ted  s t a r t i n g  m a te r ia l  
(44) and th e  n ex t th r e e  peaks co rresp o n d  to  th e  monobromo-isomers 
(6 1 ) ,  (6 2 ) ,  and (63) r e s p e c t iv e ly .  The n ex t two peaks o v e rla p
s l i g h t l y ;  th e se  two w ere i d e n t i f i e d  as th e  2 ,3 -  and
2 ,5 -d ib ro m o iso m ers  (64) and (65) r e s p e c t iv e ly  and th e  se v en th  
peak was id e n t i f i e d  as th e  3,4-dibrom o-com pound (6 6 ) .  The o th e r  
th r e e  d ibrom o-isom ers (6 7 ) ,  (6 8 ) ,  and ( 6 9 ) were n o t d e te c te d  in
th e  b ro m in a tio n  p ro d u c ts .
In  o rd e r  to  a s s e s s  th e  above-m entioned r e s u l t s  more 
th o ro u g h ly , b ro m in a tio n  o f  th e  mono-bromo-compounds (6 1 ) , (6 2 ) ,
and ( 6 3 ) was u n d ertak en  w ith  a 34 :20 :44  r a t i o  o f  o x a d ia z o le  (44) 
to  brom ine to  po tass iu m  brom ate ( i . e .  a m oderate  ex cess  o f  
b ro m in a tin g  a g e n t ) . The r e s u l t s  o b ta in e d  a re  summarised in  ta b le  
12. The g e n e ra l c h a r a c t e r i s t i c s  o f th e  monobromo and dibromo 
compounds and t h e i r  h y d raz id e  p re c u rs o rs  a re  summarised in  ta b le s  
13  and 14.
7 2 -
TABLE 13
5-(Bromo- and D ib ro m o p h e n y l)-2 -p -n itro p h e n y l- l ,3 ,4 -o x a d ia z o le s
Compound
No.
P o s i t io n  o f  
brom ineCs)
Y ie ld
(%)
M.p.
( r e c r y s t .  s o lv e n t)
Found, 
C H
%
N
H .p . l . c .
’ re sp o n se  
f a c t o r '  
a t  290 nm
(a) Monoljromo-compoui *ids
61 0 - 87 184-186 (DMF/AcOH) 48.45 2 .3 12.1 1.00
6 2 m- 74 202-203 CDMF/AcOH) 48 .3 2 .3 12.0 1.39
6 3 p - 86 248-250 CDMF/AcOH) 48 .8 2 .3 12.4 1.04
(b) Dibr<Dmo-compound!. t
6 4 2 ,3 - 75 226-228 CAcOH) 39 .3 1 .7 9 .8 1 ,20
67 2 ,4 - 65 194-196 (AcOH) 39 .3 1 .6 9 .8
65 2 ,5 - 66 239-240 (AcOH) 39 .9 1 .6 9 .9 1.01
6 9 2 ,6 - 50 270-272 (AcOH/HgO) 39.35 1 .7 9 .85
66 3 ,4 - 42 246-248 (AcOH) 39 .2 1 .7 9 .8 1 .06
6 8 3 ,5 - 49 226-228 (DMF/AcOH) 39.5 1 .7 9 .8
Cj^HgBrNjO^ r e q u ir e s  C, 48*6; H, 2 ,3 ;  N 12.155
r e q u ir e s  C, 3 9 .6 ; H, 1 .7 ; N 9.9%
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TABLE 14
1-CBromo- and D ibrom obenzoyl)- 2 - (p -n it ro b e n z o y l)h y d ra z in e s
P o s i t io n  o f Y ie ld M .p ., *C Found, %
brom ineCs) C%3 ( r e c r y s t .  s o lv e n t) C H N
(a) Monobromo- compound *Is
0-" 77 250-252 (AcOH) 4 6 .4 2 .8 , 11.55
m- 79 213-215 (AcOH) 46.45 2 .8
1
11.6  j
P - 63 292-294 (DMF) 4 6 .0 2 .7 11.6  !
(b) D ibi omo- com pounds'
2 ,3 - 67 258-260 (AcOH) 37 .7 2 .1 9 .4
2 ,4 - 70 254-256 (AcOH) 37 .6 2.1 9 .3 5
2 ,5 - 70 264-265 (AcOH/H^O) 37 .8 2 .0 9 .3
2 ,6 - 65 314-316 (AcOH/H^O) 37 .5 2 .0 9 .4
3 ,4 - 63 266-268 (AcOH) 3 8 .3 2 .0 9 .4
3 ,5 - 48 256-258(DMF/AcOH) 37.55 2 .1 9 .2
r e q u ir e s  C, 46-
+
^14^9^^2^3^4 r e q u ir e s  C, 37,
2 ; H, 2 -8 ; N, 11 
95 ; H, 2 .0 5 ; N, 9.
5%.
5%.
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NOBr
(70)
C lose o b se rv a tio n  o f ta b le  12 shows th a t  (61) on b ro m in a tio n  
gave two p ro d u c ts , 2 ,3 -d ib ro m o - (64) (o r th o - o r ie n te d ) and
2 ,5 -d ib ro m o - (65) ( p a r a -o r ie n te d ) .  B rom ination  o f  (62) gave
th r e e  p ro d u c ts  (6 4 ) , (6 5 ) ,  and (6 6 ); (64) and (66) hav ing
brom ines o r th o -  to  one a n o th e r  and (65) b e in g  p a r a - o r ie n te d .  
B rom ination  o f (63) gave on ly  one d ib rom o-produc t (66) which i s  
o r th o -  o r ie n te d  b u t th e r e  was a n o th e r  p ro d u c t ( l e s s  th a n  2 %) 
which i s  a  tr ib ro m o -iso m er b e lie v e d  to  be
2 -(3 ,4 ,5 - tr ib ro m o p h e n y l) -5 -( j2 L -n itro p h e n y l) -1 , 3 ,4 -o x a d ia z o le  (7 0 ) , 
b u t we cou ld  n o t p o s i t i v e ly  id e n t i f y  i t  because o f  i t s  very  low
s o l u b i l i t y  in  th e  h . p . l . c .  s o lv e n t  system .
3 .3  lh tj9 rp rg .t.a tl pn._Af_Br.pmih&tjj3n.j(s
There a re  no p ro p er s tu d ie s  in  th e  l i t e r a t u r e  o f  th e
b ro m in a tio n  ( a t  th e  pheny l r in g s )  o f  2 ,5 -d ip h e n y l-
1 ,3 ,4 -o x a d ia z o le  (3 5 ) . There i s  however one b ro m in a tio n  s tu d y
65c a r r i e d  o u t by Sagar . There have a ls o  been no r ig o ro u s  s tu d ie s  
c a r r ie d  o u t o f b ro m in a tio n  o f  o th e r  phenyl h e te ro c y c le s ,  u n lik e  
th e  co rresp o n d in g  n i t r a t i o n  s tu d ie s .
The in t e r p r e t a t i o n  o f th e  r e s u l t s  must ta k e  in to  acco u n t th e  
fo llo w in g  ex p e rim en ta l f a c t s : -
i )  M ono-brpm ination o f  th e  phenyl r in g  ta k e s  p la c e  a t  a l l
\
th e  th r e e  p o s i t io n s  ( o r th o - . m e ta - , and jsiailâr).
-  75 -
11) The second b ro m in a tio n  o ccu rs  even where th e re  i s  s t i l l  
s t a r t i n g  m a te r ia l  l e f t .
i l l )  The second b ro m in a tio n  i s  c o n t ro l le d  by th e  f i r s t  
brom ine in  accordance w ith  th e  w e l l - e s ta b l i s h e d  p r in c ip le  
t h a t  brom ine i s  o r th o - / p a ra -  d i r e c t in g  in  e l e c t r o p h i l i c  
a ro m a tic  s u b s t i t u t i o n .
I t  i s  obv ious from ta b le  12 t h a t  th e  b ro m in a tio n  p ro d u c ts  
i s o la te d  in  each case  accoun t f o r  l e s s  th a n  75 % o f  th e  s t a r t i n g  
m a te r ia l .  E f f o r t  was made to  re c o v e r  any p ro d u c t s t i l l  p r e s e n t  
in  th e  a c id ic  r e a c t io n  medium by n e u t r a l i s in g  i t ,  b u t n o th in g  
s ig n i f i c a n t  was re c o v e re d . We b e lie v e  t h a t  th e  rem ainder o f  th e  
o x a d ia z o le s  a re  consumed in  s id e  r e a c t io n s  which compete w ith  ( o r  
fo llo w ) b ro m in a tio n . T his i s  c o n s is te n t  w ith  th e  sm all amount 
o f  s e v e ra l  p o la r  b y -p ro d u c ts  which were d e te c te d  by h . p . l . c ,  
d u rin g  a n a ly s is  o f  th e  o x a d ia z o le  m ix tu re s . The n a tu re  o f th e se  
s id e  r e a c t io n s  i s  u n c e r ta in ,  a lth o u g h  o x id a tio n  o f  benzene r in g s
QQhas p re v io u s ly  been observed  d u rin g  b ro m in a tio n  o f  d e a c tiv a te d  
a ro m a tic  compounds w ith  p o tassium  brom ate and s u lp h u r ic  a c id ,  and 
o x id a tiv e  o r h y d ro ly t ic  r in g -o p e n in g  o f th e  h e te ro c y c le s  a re  a ls o  
p o s s ib le .
As s t a t e d  e a r l i e r ,  th e  n i t r a t i o n  s tu d ie s  o f  (44) c a r r ie d  ou t 
by S ag ar, S m ith ,e t  a l .^ ^ * ^ ^ , in  v a r io u s  n i t r a t i n g  m edia show t h a t  
in  every  case  o r th o - , m e ta - . and p a ra -  n i t r a t i o n  o f  th e  phenyl
-  76 -
r in g s  a l l  occu r to  an a p p re c ia b le  e x te n t .
In  fum ing n i t r i c  a c id  th e  r a t i o  o f  o r th o - , m e ta - , and
p a r a - n i tro - iso m e rs  ob ta ined^^*^^  on n i t r a t i o n  o f  (44) was 34: 23: 
43 (T ab le  5 ) .  The f i r s t  l i n e  o f  ta b le  12 in d i c a te s  t h a t  
m onobrom ination o f  compound (44) s im i la r ly  g iv e s  a l l  th e  th r e e  
p o s s ib le  isom ers ,Qrth.o-, m e ta - , and p a ra -  to  a re a so n a b le  e x te n t  
and i f  a llow ance i s  made f o r  th e  9% o f  dibrom o-com pounds, th e
r a t i o  comes to  2 8 .5 :2 8 .5 :4 3 .  T h is compares w e ll w ith  th e  
n i t r a t i o n  r e s u l t s  from (4 4 ) .  We can re a so n a b ly  assume from th e  
fo re g o in g  t h a t  th e  same ty p e  o f  specie(s) i s / a r e  undergo ing
s u b s t i t u t i o n  in  each c a se .
92D erb y sh ire  and W aters have p u t forw ard  th e  id e a  t h a t  th e  
b ro m in a tin g  s p e c ie s  w ith  m o lecu la r  bromine and po tass iu m  brom ate 
i n  s u lp h u r ic  a c id  and a c e t i c  a c id  i s  e i t h e r  (B r*) o r  (H^OBr)* 
which i s  a c o n ju g a te  a c id  o f  th e  v e ry  weak base HOBr, as  shown 
below.
Brg + HgO HOBr + HBr
H* + HOBr ......  ^  HgO + Br*
5HBr + HBrO^------------ >- 3HgO + 3 Br^
o r a l t e r n a t iv e ly
H* + HOBr ïg=r.r:—■■■;> (H^OBr)*
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93The more r e c e n t  work o f  H a rr iso n , P e l l e g r in i  and S e lw itz  
su g g es ted  th a t  th e  q u a n t i ty  o f  brom ine may n o t be r e le v a n t  and 
th e  fu n c tio n  o f  th e  brom ate i s  to  remove brom ide io n  (Br ) from 
th e  e q u ilib r iu m  and to  g e n e ra te  hypobromous a c id  w hich in  th e  
p re sen ce  o f  s u lp h u r ic  a c id  i s  a pow erfu l b ro m in a tin g  a g e n t.
H + Br + HOBr
5BF+ 6H + BrO, >  3Brg + 3HgO
The second assum ption  we make i s  t h a t  b ro m in a tio n , l i k e
n i t r a t i o n ,  i s  n o t r e v e r s ib l e .  (R e s u lts  o b ta in e d  on b ro m in a tio n
o f  th e  mono-bromo- isom ers (61 -63) could  be used as  su p p o rt f o r
94t h i s  a rg u m en t). The k in e t i c s  o f  b ro m in a tio n  ( Scheme 27) 
in d ic a te  t h a t  th e  f i r s t  s t e p ,  th e  fo rm a tio n  o f  a  charged  
in te rm e d ia te ,  i s  th e  r a t e  d e te rm in in g  s te p  f o r  t h i s  mechanism. 
The second s te p ,  th e  lo s s  o f a p ro to n , i s  v ery  f a s t  and th e r e f o r e  
k i n e t i c a l l y  i n s i g n i f i c a n t .
Br + ArH Ar HBr
Ar Br
ArBr + H
Scheme. 27
In  th e s e  b ro m in a tio n  ex p erim en ts  ( t a b l e  1 2 ) , on ly  th r e e  o f 
th e  s ix  iso m e rs , v i z . (6 4 ) ,  (6 5 ) ,  and (6 6 ) ,  w ere d e te c te d  by
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h . p . l . c .  The p re sen ce  o f o th e r  th r e e ,  v i z . (6 7 ) ,  (6 8 ) ,  and
(69)» was n o t d e te c te d  ( d e te c t io n  l i m i t  <0.1% ). In  every  case  
th e  second b ro m in a tio n  o f th e  pheny l r in g  ta k e s  p la c e  only  o r th o -  
o r  p a ra -  to  th e  bromine a lre a d y  p re s e n t .  I t  i s  s a fe  to  assume 
from th e se  r e s u l t s  t h a t  any s t a b i l i s i n g  in f lu e n c e / e f f e c t  o f th e  
o x a d ia z o le  r in g  on th e  p o s i t iv e ly  charged t r a n s i t i o n  s t a t e s  f o r  
th e se  e l e c t r o p h i l i c  b ro m in a tio n s  i s  fe e b le  compared w ith  
raesomeric s t a b i l i s a t i o n  by th e  bromine atom.
In  th e  n i t r a t i o n  o f  compound (44) u s in g  n itro n iu m  
te tra f lu o ro b o ra te ^ ^ * ^ ^  th e  u s u a l ly  h ig h  p ro p o r t io n  (50 %) o f
■Ortho-n i t r a t i o n  has been  a t t r i b u t e d  to  an ü - n i t r o -  
1>3»4-oxadiazolium  c a t io n  (71)
OpN
and su b se q u e n tly  in tra m o le c u la r  t r a n s f e r  o f  (NO^ "*^ ) to  th e  
a d ja c e n t carbon  atom . This type  o f . in t r a m o le c u la r  p ro c e ss  does 
n o t seem to  ta k e  p la c e  in  th e  b ro m in a tio n  o f  (4 4 ) ,  i f  th e  
Ji-brom o-oxadiazolium  c a t io n  i s  in v o lv ed  a t  a l l ,  i t  does n o t le a d  
to  an e s p e c ia l ly  h ig h  y ie ld  o f  o r th o - brom inated  p ro d u c ts . The 
isom er r a t i o s  o b ta in e d  in  th e  second b ro m in a tio n  may be 
r a t i o n a l i s e d  sim ply  in  term s o f  th e  d i f f e r e n t  d eg ree s  o f s t e r i c  
h in d ran c e  a t  th e  r in g  carbons o f  th e  monobromo-compounds 
(6 1 -6 3 ) .
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Chapter .4 
jSyflthe.gjLg. ef_..X.j_,.3.,4.-ox.adl.az.ole-2,,5rdiy l)rdlb.epa.Qla 
AQldff.aad—their, thiadj-az.9l.e-analfigii.e.s
4.1 P a te n t  Methods o f  S y n th e s is
The u se  o f  P ;P '- ( 1 ,3 ,4 - o x a d ia z o le - 2 ,5 -d iy l ) d ib e n z o io  a c id  
( 7 2 ) and i t s  m e ta -s u b s t i tu te d  analogue (73) and t h e i r  th ia d ia z o le  
ana logues i s  on th e  in c re a s e  a s  t h e i r  im portance  i s  be ing  
r e a l i s e d .  IC I P e tro ch e m ic a ls  and P la s t i c s  D iv is io n  was
i n t e r e s te d  in  a s im p le  and ch eap er method o f s y n th e s is  o f  th e s e
compounds th a n  th o se  p re v io u s ly  a v a i la b le .  They b rou g h t t h i s
problem  to  our a t t e n t i o n  and donated  some chem ica ls  f o r  t h i s
p r o je c t ,  f o r  which we a re  th a n k fu l to  them.
N N N N CO,H
HOjC
( 72)
a :  X= O 
b :  X= S
COaH ( 7 3 )
Sym m etrical d ic a rb o x y lic  a c id s  o f  th e  type (72) and (73) and
t h e i r  s im ple  d e r iv a t iv e s ,  e .g .  a c id  c h lo r id e s  and h y d ra z id e s
have been used  as s t a r t i n g  m a te r ia ls  f o r  s e v e ra l  p o ly m e ris a tio n  
18 ,23 ,95-100s tu d ie s and some o f  t h e i r  e s t e r s  have been used as
a d d i t iv e s 19-21 ,101 ,102 f o r  d i f f e r e n t  polym ers to  m odify o r
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improve t h e i r  p r o p e r t i e s .
There a re  numerous p ro ced u re s  f o r  t h e i r  s y n th e s is  and many 
o f  th e  s y n th e t ic  ro u te s  have been p u b lish e d  in  th e  form  o f
p a ten ta1 7 -2 2 .9 5 -1 0 5 _
The o b je c t  o f  th e  p r o je c t  was n o t on ly  to  f in d  an e f f i c i e n t  
and sim p le  method f o r  th e  s y n th e s is  o f th e  sym m etrica l d ib a s ic  
a c id s  (7 2 a , 73a, 72b, 73b) bu t a ls o  to  produce th e  mixed
(unsym m etrica l) a c id s (7 4 a  and 74b) cheap ly  and i n  a h ig h  s t a t e  o f 
p u r i ty .
a : X= O 
b ; X = S
Y = m-COgH or P-COoH
One o f  th e  two favou red  l i t e r a t u r e  ro u te s  f o r  th e  s y n th e s is
o f  (72a) o r  (73a) s t a r t s -  from  te r e p h th a l ic  a c id  (76) o r
i s o p h th a l ic  ac id  (7 7 ) .
COzH COgH
( 7 6 )
0,H
CO jH
and i s  c o n v e n ie n tly  r e f e r r e d  to  as th e  * oleum m ethod' (Scheme 
2 8 ) .
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COgH
VCO jH  
( 76 or 7 7 )
J.Qiigia.a.-2L
CONHNHCO
N— N
COoH
( 7 2 a  or 7 3 a )
The method c o n s i s t s  o f  add ing  s l i g h t l y  more th a n  2 mole 
e q u iv a le n ts  o f  (76) o r  (77) to  one mole e q u iv a le n t  o f h y d raz in e  
s u lp h a te  in  oleum c o n ta in in g  25% su lp h u r t r i o x id e .  This
t h e o r e t i c a l l y  r e s u l t s  in  th e  fo rm a tio n  o f  th e  d i s u b s t i t u te d
h y d raz in e  (7 8 ) , which th e n  lo s e s  one m olecu le  o f w a te r to  g iv e  
th e  re q u ire d  o x a d ia z o le  (72a) o r  (7 3 a ).
So when we w ere asked to  look  in to  th e  p o s s i b i l i t y  o f
p roducing  th e se  monomers, n a tu r a l ly  we t r i e d  t h i s  method f i r s t
f o r  th e  p ro d u c tio n  o f th e  sym m etrica l o x ad iazo le  iso m ers .
The second l i t e r a t u r e  method^ ^ c o n s i s t s  o f r e a c t in g  a  
s u i ta b ly  p ro te c te d  a c id  c h lo r id e  o f  (76) o r  (77) w ith  h y d raz in e  
h y d ra te  in  te tr a h y d ro fu ra n .  The a ro y lh y d ra z in e  (79) produced i s  
c y c l is e d  in  r e f lu x in g  phosphorus o x y ch lo rid e  (Scheme 29 )^^”^^ and 
th u s  g iv e s  o x a d ia z o le  (72a) o r  (73a) (C h ap te r 1, Scheme 
3a)3"> 35 .
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C O C I ♦NHjNHj-H^O>
C O sH
( 7 6  or 77)
IM— N
f /  ^ C O N H N H C O
( 7 9 )( 7 5 a )
N— N
C O 2H C O 2H
( 7 2 a o r  73b)
S c heme 2 9
ONHNHCO- >
( 7 5 b )
S c h e m e  3 0
HOH
OH
C O gH  C O 2 H
( 7 2 b  or 7 3 )
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The second m ethod, u n lik e  th e  f i r s t ,  cou ld  i n  th e o ry  be 
m od ified  to  produce sym m etrica l th ia d ia z o le s  by s u b s t i t u t i o n  o f 
phosphorus p e n ta su lp h id e  f o r  phosphorus o x y c h lo rid e  (Scheme 
3 0 )1 8 .
In  p r a c t ic e  th e  ’oleum method* on work up gave q u a n t i t a t iv e
y ie ld s  b u t 50% o f  th e  p ro d u c t appeared  to  be a m ix tu re  o f h igh
m e ltin g  polym er and th e  s t a r t i n g  a c id .  This i s  n o t r e a l l y
s u r p r i s in g ,  s in c e  th e  s ta n d a rd  method f o r  th e  p ro d u c tio n  o f  
p o ly (p h e n y le n e -1 ,3 ,4 -o x a d ia z o le s )  in v o lv e s  th e  r e a c t io n  in  oleum 
o f  th e  same a c id  and h y d raz in e  s u lp h a te  ( in  equ im o lar am ounts).
S ince  p u r i ty  o f  th e s e  compounds i s  o f param ount im portance 
f o r  p o ly m e ris a tio n  p u rp o ses , so  i t  was th o u g h t t h a t  a s u i ta b le  
method f o r  th e  p u r i f i c a t i o n  o f  th e s e  p ro d u c ts  m ight be an answ er 
to  our problem . The p u r i f i c a t i o n  o f  th e  a c id s  (72a) and (73a)
was e f f e c te d  as fo llo w s
The crude p ro d u c t was d is s o lv e d  as f a r  a s  p o s s ib le  in  a 
s o lu t io n  o f  sodium c a rb o n a te  , f i l t e r e d  to  remove p a r t  o f  th e  
in s o lu b le  polym er, and th e  a c id ic  m a te r ia l ,  r e p r e c ip i t a t e d  by 
a d d i t io n  o f  h y d ro c h lo r ic  a c id .  The p r e c i p i t a t e  was in  a very  
f in e  s t a t e  and c e n t r i f u g in g  was n e c e ssa ry  to  e f f e c t  s e p a ra t io n .  
The p ro d u c t o b ta in e d  a t  t h i s  s ta g e  s t i l l  c o n ta in e d  some polym er 
and th e  s t a r t i n g  m a te r ia l  (76 o r 77) in  a d d i t io n  to  (72a) and 
(7 3 a ) .
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F u r th e r  p u r i f i c a t i o n  was e f f e c te d  by p re p a r in g  th e  b is - a c id  
c h lo r id e s  o f  th e  a c id ic  com ponents by h e a tin g  th e  m ix tu re  w ith  
phosphorus p e n ta c h lo r id e  on a Bunsen flam e . The b is - a o id  
c h lo r id e  m ix tu re  so  o b ta in e d  was e x tra c te d  w ith  h o t pe tro leum  
( b .p .  4 0 -6 0 ); th e  b i s - a c id  c h lo r id e  o f e i t h e r  ( 7 6 ) o r  (7 7 ) ,
b e in g  s o lu b le  in  h o t p e tro leu m , was th u s  removed. F u r th e r  
p u r i f i c a t i o n  o f  th e  r e s id u e  was e f f e c te d  by c o n v e rtin g  th e  a c id  
c h lo r id e  g roups in to  e th y l  e s t e r s ;  th e  d i e s t e r  ( e .g .  75) on
h y d ro ly s is  gave th e  re q u ire d  d ia c id  (72a) o r  (73a) (Scheme 2 9 ) . 
The o v e r a l l  y ie ld s  o f (72a) o r  (73a) were very  low and th e  whole 
p ro c e ss  cumbersome, te d io u s  and i n e f f i c i e n t .
A m o d if ic a t io n  o f  th e  method o u t l in e d  in  Scheme 28 gave 
BL,J1*~( 1 ,3 ,4 -o x a d ia z o le -2 ,5 -d iy l)d ib e n z o ic  a c id  (74a) (Scheme 31) 
b u t th e  y ie ld  was a g a in  low.
CONHNH, *■
C O 2H C O 2H
( 7 4 a )
S.ohama 3.1
When th e  second p u b lish e d  ro u te  to  (72a) o r (73a) (Scheme 
2 9 ) 1 8 - 2 2  t r i e d ,  th e  r e s u l t s  o b ta in ed  w ere a g a in  n o t v e ry
en co u rag in g . The p ro d u c ts  o b ta in e d  seemed a g a in  to  be m ix tu re s
o f  compounds as judged by t h e i r  m e ltin g  beh av io u r (w ide m e ltin g  
range  o r  two d i s t i n c t  m e ltin g  p o in ts  f o r  d i f f e r e n t  p a r t s  o f  th e
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same sam p le ) .
P u r i f i c a t io n  o f  th e se  compounds a g a in  re q u ire d  th e  same 
p rocedu re  as d e sc r ib e d  e a r l i e r ,  o f co n v ers io n  to  a c id  c h lo r id e s ,  
e s t é r i f i c a t i o n  o f  th e  a c id  c h lo r id e  and th e n  h y d ro ly s is  o f  th e  
e s t e r  to  o b ta in  pure p ro d u c t (72a) o r  (7 3 a ) .
Again th e  y ie ld  was low and i t  r e q u ire d  f iv e  to  s ix  s te p s  
depending on th e  s t a r t i n g  m a te r ia l  employed.
4 .2  .^ynt.h.a.si g
4.2.1 Z,,5-Di.t.blyir.13., 4=oxa.dl.az.ol.o^
The method which in  our o p in io n  i s  most s u i t a b l e ,  econom ical 
and w ith  few est s y n th e t ic  s te p s  i s  o u tl in e d  in  scheme 3 2  ( a  and 
b ) .
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<a>
C O C I
▼
CONHNHCO
CM CH
<b>
C H 3 ^ ^ ~ ^ C 0 N H N H ,
C O C I
C H
CONHNHCO
(82)
H,
CH3
■S.oii.emQ 3,2
2 mole e q u iv a le n ts  o f a to lu o y l  c h lo r id e  (80) (jag ia - o r  
J2âllâr) was co n v erted  in to  th e  co rresp o n d in g  d ito lu o y lh y d ra z in e  
(a f ..C h ap te r  1 , p .3 and 4) and t h i s  on h e a t in g  w ith  th io n y l 
c h lo r id e  and a c a t a l y t i c  amount o f  p y r id in e  gave th e
2 ,5 -d i to ly 1 - 1 ,3 ,4 - o x a d ia z o le .
S im ila r ly  by r e a c t in g  ja - to lu o y l c h lo r id e  (one mole 
e q u iv a le n t)  w ith  ja - to lu o y lh y d ra z in e  (one mole e q u iv a le n t ) ,  
1 - ( j 2r to lu o y l ) - 2 - ( ja - to lu o y l )  h y d ra z in e  (82) was o b ta in e d  w hich gave
2 - ( m - to ly l ) - 5 - ( ib - to ly l ) - 1 , 3 ,4 -o x a d ia z o le  on c y c l i s a t i o n .  '
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4 .2 .2  2.»5,rP.i.t.oIy-lr-1..».3->
S im ila r ly  th e  th ia d ia z o le  analogues (83) cou ld  be p rep ared  
by h e a tin g  th e  1 ,2 -d i to lu o y lh y d ra z in e  (81) o r  (82) w ith  
phosphorus p e n ta su lp h id e  in  x y len e  (Scheme 3 3 ) .
CONHNHCO
CHCH CHCH
(81 or 82) (83 b)
^h.giBg-33
4 .2 .3  o f. ,2 .>5r d i .t .ol y I r  1_,3..,4r.cxadla2Wlgg_..^h±.=±hlMl%s.9l.c.8
103The method used  by Sokolenko and S u c h il in a  to  o x id iz e  s id e  
c h a in s  o f benzenoid  compounds was m od ified  to  meet our 
re q u ire m e n t. 2 ,5 - D i to ly l - 1 , 3 » 4 -o x ad iazo les  and - th i a d ia z o le s  
w ere o x id ise d  to  g iv e  (72-74  a and b) by h e a tin g  them w ith  
po tassium  perm anganate in  an a z e o tro p ic  m ix tu re  o f  p y r id in e  and 
w a te r (Scheme 3 4 ) .
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N——N
CHCH
(8 3 )
KMnO^  ^
Pyridine/Water^
N— N
/ /  y i ^ w y /  ^
COgH C O 2H
a:X  = 0  
b:X = S
Acheiae 34
4 .2 .4  g e n e ra l D isc u ss io n
The method o u t l in e d  above, as  compared to  o th e r  l i t e r a t u r e  
m ethods, i s  s h o r te r  ( th r e e  s te p s  o n ly ) .  The o v e r a l l  y ie ld  i s  
b e t t e r .  A ll th e  in te rm e d ia te  p ro d u c ts  can  be p u r i f ie d  by 
c r y s t a l l i s a t i o n  and f u l l y  c h a r a c te r i s e d .  In  view  o f  th e  f a c t  
t h a t  th e se  f i n a l  p ro d u c ts  (72-74  a and b) a re  n o t s u f f i c i e n t l y  
so lu b le  in  common s o lv e n ts  to  p e rm it easy  r e c r y s t a l l i s a t io n ,  th e  
h ig h  p u r i ty  o f th e  p ro d u c ts  in  i t s e l f  i s  a g r e a t  ad v an tag e .
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Y ie ld s  and p r o p e r t i e s  o f ( 1 ,3 ;4 -o x a d ia z o le -
2 ,5 -d iy l )d ib e n z o ic  a c id s  and t h e i r  th ia d ia z o le  analogues a re  
ta b u la te d  in  ta b le  15.
As can be seen  from th e  ta b le  a l l  th e  a c id s  a re  h ig h -m e ltin g  
and normal m e ltin g  p o in t  a p p a ra tu s  cou ld  n o t be employed f o r  
o b ta in in g  t h e i r  m e ltin g  p o in t s .  New equipm ent developed in  th e  
D epartm ent o f  C hem istry , based on d i f f e r e n t  th e rm al a n a ly s is^  
was used to  re c o rd  th e  m e ltin g  p o in ts  o f  th e se  a c id s .
From ou r e x p e rie n c e  o f  l i t e r a t u r e  methods o f s y n th e s is  o f  
th e se  compounds, i t  shou ld  be s a id  t h a t  th e  p u r i ty  o f  th e
p ro d u c ts  o b ta in e d  by th e se  p a te n t  methods and co n seq u en tly  th e  
polym ers d e r iv e d  from th e se  monomers must be open to  q u e s tio n ;  
a l s o  th e  polym ers may n o t be s t r u c t u r a l l y  as homogeneous as  has 
been c la im ed .
W ith th e  p u r i ty  o f  th e  p ro d u c ts  o b ta in e d  by t h i s  new m ethod, 
i t  shou ld  now be p o s s ib le  to  c a r ry  o u t p r o p e r ty - s t r u c tu r e  
r e la t io n s h ip  s tu d ie s  a g a in , and th e  r e s u l t s  r e in te r p r e te d  o r  
m o d ified .
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4 .3  Plg.th.yl. .(..t.,3.>.4r .o x a d la zp J l,g ir^ .» d lfe9 .n z .g ,£Ltgg-.and
.thei r. .thl%()l.az.ol.g. .aAgl.ogu.gg
The d ie th y l  e s t e r s  o f  a l l  th e  a c id s  w ere p rep a red  as  shown 
in  scheme 35 and th e  p r o p e r t i e s  o f  th e se  compounds a r e  l i s t e d  in  
ta b le  16.
X -O , s
PCI
OCICOCI EtOH
N— N
4 .4  NMR Sp_e_ctr.a o f  D ibo tassium  S a l t s  o f  A cids. ( 72-74_ & and
M .
The d ic a rb o x y lic  a c id s  (72-74  a and b) can  m ost sim ply  be 
13c h a ra c te r i s e d  by th e  C NMR s p e c tr a  o f t h e i r  d ip o ta ss iu m  s a l t s .  
The s p e c tr a  o f  th e  s ix  s a l t s  and p ro v is io n a l  assignm en t o f th e  
in d iv id u a l  re so n an ces  a re  shown in  ta b le  17.
The ass ig n m en ts  a re  based on analogy  w ith  s p e c t r a  o f  model 
compounds such as  2 ,5 -d ip h e n y l-1 ,3 » 4 -o x ad iazo le  and d ip o tass iu m
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i s o p h th a la te  and te r e p h th a la te ,  a ls o  on th e  w e ll  e s ta b l is h e d
107 19p r in c ip le  t h a t  th e  s u b s t i tu e n t  e f f e c t s  on C s h ie ld in g /  
d e s h ie ld in g  in  benzene d e r iv a t iv e s  a re  ap p ro x im ate ly  a d d i t iv e .  
The reso n an ces  o f  d ip o ta ss iu m  is o p h th a la te  and te r e p h th a la te  
shown h e re  co rresp o n d  to  approx im ate  s u b s t i tu e n t  p a ram ete rs  f o r  
th e  c a rb o x y la te  io n  ( r e l a t i v e  to  Sc = 128.5 f o r  benzene) as
fo llo w s : -
iB SSr, + 9 .2 ; sn th fir , +1.5;  lûêiâr, +1.2;  
SâTSr, +3 . 7 .
141.36 
C 141.4): 177.64
CO^K
131.5
(131.2)
131.57
(131.5) 177.6
133.92
(133.7) 130.83
(130.9)
C a lc u la te d  s h i f t s  u s in g  s u b s t i tu e n t  
p a ram e te rs  a re  shown in  b ra c k e ts
The 13, reso n an ces  o f u n s u b s t i tu te d  2 ,5 -d ip h e n y l-
6 51 ,3 ,4 -o x a d ia z o le  were o b ta in ed  by S agar and a re  rep ro d u ced .
137.68 // \V// \V//
, r
^20.22 131.72 
129.83
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The fo llo w in g  e m p ir ic a l s u b s t i tu e n t  p a ram e te rs  f o r  th e  
h e te ro c y c l ic  s u b s t i tu e n t s  g iv e  * c a lc u la te d *  chem ical s h i f t s  f o r  
th e  benzenoid  carbons o f  a c id s  (72-74  a and b) which a re  in  good 
agreem ent w ith  th e  e x p e rim e n ta l d a t a : -
a) 1 ,3 ,4 -o x a d ia z o le :  i p s o - . - 8 .0 ;  o r th o - . - 3 .2 ;  m e ta - , - 0 .4 ;
p a r a - , + 2 .5 .
b) 1 ,3 ,4 - th ia d ia z o le :  I p s o - , - 1 .9 ;  o r .th o - , - 2 .3 ;  met a - .
- 0 .3 ;  p a r a - , + 1 .8 .
KO.C
6 5 5 6
N— N
KOoC COoK
a :  X =  O 
b: x= S
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5.1 Ma.t.grlal...anl„ Appatiatpg
M elting  p o in ts  w ere de term ined  in  open c a p i l l a r i e s  and a re
unc o r re c te d . I n f r a  red  s p e c t r a  w ere reco rd ed  f o r  N ujol m u lls
u s in g  sodium c h lo r id e  c e l l s  on a P erk in -E lm er 257
sp ec tro p h o to m e te r  and P erk in -E lm er 1310 IR sp e c tro p h o to m e te r .
U l t r a v io le t  s p e c tr a  w ere reco rd ed  on a  Pye Unicam SP 800B
in s tru m e n t. P ro ton  s p e c tr a  w ere reco rd ed  a t  60 MHz on a V arian
EM 360 sp e c tro m e te r  and 80 MHz on Bruker-WP80 F o u r ie r  tra n s fo rm
sp e c tro m e te r  f o r  10$ s o lu t io n s  w ith  te t r a m e th y ls i la n e  a s  in t e r n a l
re fe re n c e  and sodium 3 - ( tr im e th y ls i ly l ) -1 -p ro p a n e s u lp h o n a te  a s
13in t e r n a l  r e fe re n c e  f o r  s p e c tr a  reco rd ed  in  DgO. C NMR s p e c tr a  
w ere reco rd ed  a t  20 MHz on a  v a r ia n  CFT 20 sp e c tro m e te r  o r a t  
9 0 . 5 6  MHz by Dr. I ,  H. S a d le r  and h is  s t a f f  a t  th e  U n iv e rs ity  
o f Edinburgh. Mass s p e c tr a  w ere o b ta in ed  on an AEI MS-902 
sp e c tro m e te r  o p e ra t in g  a t  70 eV w ith  so u rce  te m p e ra tu re  o f  
200°C. Samples w ere in tro d u c e d  by means o f a  d i r e c t  i n s e r t i o n
p robe.
High perform ance l iq u id  chrom atographs w ere ta k e n  w ith  a Pye 
Unicam LC3 system  u s in g  u l t r a v i o l e t  sp e c tro p h o to m e te r ic  d e te c to r  
and a c h a r t  r e c o rd e r .  For norm al phase s e p a ra t io n s  a  column o f 
tP a r t i s i l *  10 Aim s i l i c a  (25cm x 4 ,6  mm in t e r n a l  d ia )  and a 
s o lv e n t m ix tu re  o f 20$ 1 ,4 -d io x a n  (F iso n s  SLR Grade d r ie d  ov er 
calc ium  h y d rid e  and r e d i s t i l l e d )  and 80$ hexane (d r ie d  and
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r e d i s t i l l e d )  was used ( f o r  n i t r a t i o n  s tu d ie s  o f  th i a d i a z o le s ) , 
The re v e rs e  phase ch rom atog raph ic  column used was 'P a r t i s i l  ODS 
II*  (lo ad e d  w ith  15$ ODS; p a r t i c l e  s iz e  10 /um) (25cm x 5 mm i . d . )  
and a s o lv e n t  system  o f 75$ m ethanol and 25$ w a te r was used f o r  
th e  b ro m in a tio n  p ro d u c ts  o f o x a d ia z o le s . The v a r ia b le  w aveleng th  
d e te c to r  was s e t  a t  290 nm.
5 .1 .1  -D e te rm in a tio n ,.o f  P roduct R a tio s
The h . p . l . c .  system , a lth o u g h  a  q u a l i t a t i v e  means o f 
s e p a ra t io n ,  was co n v erted  in t o  a  q u a n t i t a t iv e  system  by 
c a l ib r a t in g  i t  u s in g  s ta n d a rd s .  Pure sam ples o f a l l  th e  
p ro d u c ts , in d e p e n d e n tly  s y n th e s is e d , w ere u sed . S tandard  
s o lu t io n s  o f each compound, o f th e  same m o la r i ty ,  w ere p rep ared  
and mixed in  equal p ro p o r tio n s  to  g iv e  a s ta n d a rd  m ix tu re .
In  th e  case  o f th e  s ix  b i s - n i t r o p h e n y l - 1 , 3 ,4 - th ia d i a z o le s ,  
d ioxan  was used a s  th e  s o lv e n t .  The curve o b ta in e d  ( f ig u r e  7) by 
h . p . l . c .  a n a ly s is  o f th e  s ta n d a rd  m ix tu re  was used  to  o b ta in  a 
r e l a t i v e  * resp o n se  fa c to r*  f o r  each component, and th e se  were 
th e n  used to  q u a n t ify  th e  isom er r a t i o s  from th e  n i t r a t i o n  
m ix tu re s . The s e p a ra t io n  o f th e  peaks and t h e i r  in t e g r a t i o n  was 
c a r r ie d  ou t u s in g  a  Du P ont 310 cu rve  r e s o lv e r  (e s tim a te d  e r r o r  < 
± 5 $ ) .
In  th e  case  o f th e  b ro m in a tio n  p ro d u c ts  d e s c r ib e d  in  c h a p te r  
3 , m ethanol was used a s  th e  s o lv e n t .  S tandard  s o lu t io n s  o f th e  
components w ere o b ta in e d , a s  above, and th e se  w ere in je c te d
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in d iv id u a l ly  on to  th e  column so t h a t  equ im o lar amounts o f th e  
components w ere used  in  each c a se . The peak a r e a  produced by 
th e se  sam ples w ere compared on th e  cu rve  r e s o lv e r  w ith  a peak o f 
known a re a  (produced e l e c t r i c a l l y )  and th e  re sp o n se  f a c t o r  
c a lc u la te d .
The above p ro ced u re  was re p e a te d  th r e e  tim es on d i f f e r e n t  
days to  check r e p r o d u c ib i l i ty .  The a re a  r a t i o s  o b ta in e d  ag ree  to  
w ith in  5%.
5.1.2 D&tsrmination, .Qf. .pK^.,V,g
UV s p e c tr a  w ere tak en  a s  s ta t e d  e a r l i e r  on a Pye Unicam SP
800B sp e c tro m e te r . The method used  to  d e te rm in e  th e  pK o f th ea
2 ,5 -d ip h e n y lo x a z o le  (30) and 2 ,5 - d ip h e n y l - l , 3 ,4 ~ th ia d ia z o le  (45) 
i s  based on th e  v a lu e s  o f s u lp h u r ic  a c id  in  a c e t i c  a c id  a s
O ptd eterm ined  by H a ll and Spengeraan (betw een 0 .0 9  to  6 .0 3 ) ,  Using 
t h e i r  d a ta ,  s o lu t io n s  o f  AnalaR c o n c e n tra te d  s u lp h u r ic  a c id  (4. 
1 .84) and AnalaR a c e t i c  a c id  (jd. 1 .05) w ith  v a ry in g  v a lu e s  w ere 
p re p a re d . S o lu tio n s  o f known w e ig h ts  o f th e  compounds (30 and 
45) under in v e s t ig a t io n  w ere p rep a red  in  a c e t i c  a c id .
The same volume o f s o lu t io n  was used f o r  every  m easurement 
(1 ml) w ith  a  f ix e d  volume o f c o n c e n tra te d  s u lp h u r ic  a c i d /a c e t i c  
a c id  m ix tu re  (2 m l). The v a lu e  o f  th e  m ix tu re  was
re c a lc u la te d .  In  th e  re fe re n c e  c e l l  a m ix tu re  o f s im i la r  v a lu e  
was used ( a c e t i c  a c id ,  1 ml; s u lp h u r ic  a c i d / a c e t i c  a c id  m ix tu re
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as  used  in  th e  sam ple c e l l ,  2 m l) .
The v a lu e s  w ere p lo t te d  a g a in s t  abso rbance and th e  pK^ o f 
th e  base was ta k e n  to  be th e  a t  h a l f  p ro to n a t io n  ( th e  v a lu e
halfw ay betw een th e  h o r iz o n ta l  p o r t io n  o f th e  c u rv e ) .
5 .2  JU)br.ey.i.a.ti .oii8
S» s i n g l e t
d. d o u b le t
t , t r i p l e t
q» q u a r te t
m, m u l t ip le t
b r . broad
aq . aqueous
b. p . , b o i l in g  p o in t
d . s p e c i f i c  g r a v i ty
decom p., d ecom position
DMF, dim ethylform am ide
DM80, d im e th y l su lp h o x id e
DTA, d i f f e r e n t i a l  the rm al a n a ly s is
h . p . l . c . , h ig h  perform ance l i q u id  chrom atography
m. p . , m e ltin g  p o in t
p etro leum petro leu m  b .p .40 /60
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5 .3  2 f 5-D i  a r y l - 1 ,3 ,4 - th ia d ia z o le 8
5 .3 .1  Pxo.P.ar.a.tl.QJi.. ■of-.,Hy.dr az ine.s.
5 .3 .1 .1  .1-,g.r.d,i,bgja.pylhy.dragine
To a l i t r e  f l a s k ,  coo led  to  0°C, were added sodium hydroxide 
(250 ml; 2 .4  M) and h y d raz in e  su lp h a te  (32 .5  g ; 0 .25  mol) w ith  
s t i r r i n g .  Benzoyl c h lo r id e  (77 .3  g ; 0 .55 mol) was added dropw ise 
to  s t i r r e d  s o lu t io n  over a p e rio d  o f  45 m inu tes and c o n cu rren ly  
aqueous sodium hydrox ide (55 ml; 10M) was as  w e ll added dropw ise 
A f te r  s t i r r i n g  f o r  2 h, th e  s o lu t io n  was s a tu r a te d  w ith  carbon 
d io x id e . The w h ite  s o l id  was f i l t e r e d  o f f  and d r ie d .
1 ,2 -D ib en zo y lh y d raz in e  r e c r y s t a l l i s e d  from a c e t ic  a c id ,  had m .p. 
232-234°C ( l i t . lO G  234-238*); Y ield  42 g (70$); (NH)
3210, (C=0) 1635.
5 .3 .1 .2  _1_^_2-Bls_-.(o-nitrobenzoy 1 ) h y d raz in e
To a s t i r r e d  s o lu t io n  o f h y d raz in e  h y d ra te  (2 .0  g ; 0 .04 mol)
and anhydrous sodium c a rb o n a te  (4 .66  g ; 0 .044 mol) in  DMF (100
ml) was added ^ n i t r o b e n z o y l  c h lo r id e  (16 .0  g ; 0 .088 mol) w ith
e x te rn a l  c o o lin g . A fte r  4 h s t i r r i n g ,  th e  su sp e n sio n  was added 
to  w a te r  (100 m l), f i l t e r e d  and th e  re s id u e  washed w ith  m ethanol 
and r e c r y s t a l l i s e d  from  DM F/acetic a c id .  The p ro d u c t had m.p. 
295-296*0 ( l i t . 109 289*) î ^^^^(cm ’ l ) (NH) 3150, (0=0) 1620, (NO^) 
1520, 1350; Y ie ld  7 .4  g (5 6 $ ).
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5.3.1.3 11,2.-.P.is(mriûtr.Q.benzoyI)hy.drazino»
m.p. 240-242*0 (from  DM F/aoetic a c id ;  l i t . ^ ^  242*); 
(NH) 3180, (0=0) 1610, (NO^) 1520,1345, was s im i la r ly
o b ta in e d  from ja -n itro b e n z o y l c h lo r id e  in  45$ y ie ld .
5 .3 .1 .4  1 2 -B ls  ( p - n i tro b en z  oy 1) h y d ra z in e ,
m .p. 292-294*0 (from  D M F/acetic a c id ;  L i t .^ ^  296-297*); 
\ a x ^ * “ *"^  ^ (NH) 3190, (0=0) 1615, (NO^) 1520, 1345, was s im i la r ly  
o b ta in e d  from ^ n i tro b e n z o y l c h lo r id e  in  53$ y ie ld .
5 .3 .1 .5  jar.Hltr.o.b.onz.oyJU;ydrazinp
To a s o lu t io n  o f h y d raz in e  h y d ra te  (20 .0  g ; 0 .4  mol) in  
e th a n o l (40 ml) was added e th y l  n t-n itro b e n z o a te  (26 .0  g ; 0.0135 
m o l). A fte r  h e a t in g  under r e f lu x  f o r  1 h, th e  s o lu t io n  was 
coo led  and th e  crude p ro d u c t f i l t e r e d  o f f ,  d r ie d  and 
r e c r y s t a l l i s e d  from w a te r to  g iv e  m -n itro b e n z o y lh y d ra z in e , m.p. 
150-152* ( l i t . 110 152*); Y ie ld  8 .8  g (7 3 $ ); (NH/NH^)
3280, (C=0) 1630, (NOg) 1525,1340.
5 .3 .1 .6  fi=lüj;r.o.b@,ngpylhy.drazino,
m.p. 208-210* (from  w a te r ; l i t . 11° 2 10* ); (NH/NH^)
3310, (C=0) 1620, (NOg) 1510, 1350, was s im i la r ly  p rep a red  from 
e th y l  n i  tro b en z  oa t e  in  62$ y ie ld .
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5.3.1.7 nz.oylhydr.az.iae
To a s o lu t io n  o f h y d raz in e  h y d ra te  (40 .0  g ; 0 .8  mol) in  
e th a n o l (80 ml) was added e th y l  b en zo a te  (40 .5  g ; 0 .27 mol) and 
th e  s o lu t io n  h ea ted  under r e f lu x  f o r  1 h. On c o o lin g  th e  s o l id  
was f i l t e r e d  o f f ,  washed w ith  ic e - c o ld  e th a n o l and r e c r y s t a l l i s e d  
from e th a n o l had m .p. 110-112*0 ( l i t . ^ ®  113-117*); y ie ld  37$
5.3.1.8 .1- (.orM tro.b.onzoyl)-2 -,(m-.nitrobonzoyUhydrazine.,
To a s t i r r e d  m ix tu re  o f n i  trob en z  oy Ihy d r  az in e  (6 .0  g ; 
0 .033  m o l), anhydrous sodium ca rb o n a te  (3.51 g ; 0 .033 m ol), and 
DMF (24 ml) was added dropw ise a warm s o lu t io n  o f js rn i tro b e n z o y l 
c h lo r id e  (6 .1 5  g ; 0 .033 mol) in  x y lene  w ith  e x te rn a l  c o o lin g . 
A fte r  2 hours* s t i r r i n g  w a te r  (90 ml) was added to g e th e r  w ith  
h y d ro c h lo r ic  a c id  (1M) to  make i t  s l i g h t l y  a c id ic .  The s o l id  was 
f i l t e r e d  o f f ,  washed w ith  b o i l in g  w a te r  and r e c r y s t a l l i s e d  from 
a c e t i c  a c id /e th a n o l ;  m .p. 238-240*0 ( l i t . ^ 5  236-238*); Y ie ld  7.6 
g (7 0 $ ); "^^^(cm “ 1) (NH) 3150, (0=0) 1620, (NO^) 1520, 1345.
5 .3 .1 .9  1 - ( o -Nitro b en zo y 1 ) - 2 - ( p - ni  tro b en z  oy 1 )hydraz i n e ,
m .p. 282-284*0 (from  a c e t i c  a c id ;  l i t . ^ ^  280 -282*); t  c m 'bmax
(NH) 3190, (0=0) 1640, (NO^) 1515, 1345, was s im i la r ly  p rep ared
in  70$ y ie ld .
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5 .3 .1 .1 0  1 -  (iQ-_N±tr_ob_ejiz oy 1) - 2 -  ( p - n i t r  obenz oy l) hydraz i n e ,
m .p. 246-248*0 (from  a c e t ic  a c id ;  l i t . ^ ^  251 .5 -252*) ; i)^^^(cm~1 ) 
(NH) 3170, (0=0) 1605, (NO^) 1520,1345, was s im i la r ly  p rep a red  in  
74.5$ y ie ld .
5 .3 .1 .1 1  .1 rPêjaz-OXlr 2 r .( P -n i t r ,Qb,g,nzbyJJ.i^.,dr .azJjio.,
m .p. 210-212*0 (from  e th a n o l;  l i t . ^  212-213*) ; cm*"  ^) (NH) 
3230, (0=0) 1630, (NOg) 1520,1345, was s im i la r ly  p rep a red  i n  67$
y ie ld .
5 .3 .1 .1 2  1-Benz ov1 -2 - ( m -n itro p h e n y l)h v d ra z in e .
m .p. 216-218*0 (from  e th a n o l /a c e t i c  a c id ;  l i t . ^ ^  216*); 
'^max^*®"^^ (NH) 3200, (0=0) 1640, (NO^) 1525, 1350, was s im i la r ly  
p rep a red  i n  67$ y ie ld .
5 .3 .1 .1 3  1 -Benz oy 1- 2 -  ( p -n itro b e n z  oy_DJay,drazlne.
m .p. 2 3 6 - 2 3 8 * 0  (from  a c e t ic  a c id ;  l i t . ^ ^ ^  236*) ; S^^^(cm   ^) (NH) 
3 2 0 0 , (0=0) 1610, (NOg) 1510, 1 3 4 5 , was s im i la r ly  p rep a red  in  58$ 
y ie ld .
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5 .3 .2  P,r.eparAtlPJL.pf -..2.,5riaiËüTlri.i.3.i4r.fchl adlazjpI.e.s.
5 .3 .2 .1 P., 5rP jLpkejiylr:.1., 3..-4.r.thlM iazpl.e. ,-(.45.1
1 ,2 -D ib e n zo y lh y d raz in e  (5 .0  g) was h ea ted  under r e f lu x  w ith  
phosphorus p e n ta su lp h id e  (10 .0  g) and r e d i s t i l l e d  x y lene  (60 ml) 
fo r  1 h. On c o o lin g  w a te r  (60 ml) and e th e r  (50 ml) were added 
w ith  s t i r r i n g  and th e  m ix tu re  l e f t  o v e rn ig h t; on f i l t r a t i o n  th e  
s o l id  so  o b ta in e d  r e c r y s t a l l i s e d  from e th a n o l, had m .p. 
138-140*0 ( l i t . 113 141-142*); y ie ld  2 .77 g (5 4 $ ); i  _(cm"'1)max
( th i a d i a z o l e ) l l ^  990.
5 . 3 . 2 .2  2,,3jjBXjg-XprJ^.trp ph.ejiyl)-1^3.,4-tJ]üAdlaz-0l.e...IMJ-
1,2 -B is - (g -n i t ro b e n z o y l)h y d ra z in e  (1 .5  g ) , phosphorus 
p e n ta su lp h id e  (3 .0  g) and r e d i s t i l l e d  xy len e  (25 ml) were h ea ted  
under r e f lu x  f o r  1 h. On c o o lin g  w a te r  (50 ml) and e th e r  (50 ml) 
w ere added w ith  s t i r r i n g  and th e  m ix tu re  l e f t  o v e rn ig h t . The 
s o l id  o b ta in e d  on f i l t r a t i o n  was r e c r y s t a l l i s e d  frcan DMF and had 
m.p. 200-202*0; Y ie ld  0 .9  g (6 0 $ ); (T h ia d ia z o le )  990,
(NOg) 1 5 3 0 , 1 3 5 0 . (Found; 0, 5 1 .3 ; H, 2 .3 ;  N, 1 7 .0 . O^^HgN^O^S
re q u ir e s  0, 5 1 .2 ; H, 2 .5 ;  N, 1 7 .1 $ ) .
5 . 3 .2 .3  2.,5r JBi^jjteJijLtrpphP.nyl.)-l.,3^4rJt^Madia2.Ql.e-..i.A7-li
m .p. 240-241*0 (from  DMF); (T h ia d ia z o le )  1000, (NO^)
1 5 2 5 , 1 3 4 5 , was s im i la r ly  p rep a red  in  75$ y ie ld .  (F ound:0 , 5 1 .1 ;
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H, 2 .2 ,  N, 1 7 .1 . C^^HgN^O^S r e q u ir e s  C, 5 1 .2 ; H, 2 .5 ;  N,
1 7 .1 $ ) .
5 .3 .2 .4  2,,5.rJgJaSXpr..riitrp,phPJiyIl- .1..i3.>4r-t>.hladi.agpl.e.JL481,
m .p. ,326-328*0  (from  DMF); (T h ia d ia z o le )  990, (NO^)
1525, 1340, was s im i la r ly  p rep a red  in  70$ y ie ld .  (Found; C,
5 1 .5 ; H, 2 .4 ;  N, 1 6 .9 . O^^HgN^O^S r e q u ir e s  0 , 5 1 .2 ; H, 2 .5 ;  N, 
1 7 .1 $ ).
5 .3 .2 .5  2 -(o -N ltro p h e n y  1 ) - 5 - ( p -n ifc ro jh e n y J j-1 ...3 .4 -th la d ia z o l .e (4 9 ) ,
m .p. 188-190*0 (from  DMF); (T h ia d ia z o le )  980, (NO^)
1520, 1 3 6 0 , was s im i la r ly  p rep a red  in  58$ y ie ld .  (Found; 0,
5 1 .2 ; H, 2 .2 ,  N, 1 6 .8 . O^^HgN^O^S r e q u ir e s  0, 5 1 .2 ; H, 2 .5 ;  N, 
1 7 .1 $ ).
5 . 3 .2 .6  2 -  ( 0 - Ni troDhenyJ-J - 5 - (  p- n i t r  ophe nv 1 ) - 1 3  ^  4 -  th ia d ia z  olcX 5 0 ) ,
m.p. 1 9 2 - 1 9 4 * 0  (from  DMF); (T h ia d ia z o le )  990, (NO^)
1515, 1 3 5 0 , was s im i la r ly  p rep a red  in  53$ y ie ld .  (Found: 0,
5 1 .1 ; H, 2 .5 ;  N, 1 6 .8 . O^^HgNj^O^S r e q u ir e s  0, 5 1 .2 ; H, 2 .5 ;  N, 
1 7 .1 $ ) .
5 .3 .2 .7  P- ( Njj^rpphewl J -5 = ip~iiij^rpphp.nyl)- 1 ,3 ,4 -th iad ,ia z o le (5 l ) ,
m.p. 244-246*0 (from  DMF);  ^ (T h ia d ia z o le )  980, (NO^)
1 5 2 0 , 1 3 5 5 , was s im i la r ly  p rep a red  in  79$ y ie ld .  (Found; 0,
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5 1 .2 ; H, 2 .2 ;  N, 1 7 .0 . C^^HgN^O^S re q u ir e s  C, 5 1 .2 ; H, 2 .5 ;  N, 
1 7 .1 $ ) .
5 .3 .2 .8  Pr-.Plie jiy lr5 r ( p- n l t ropheny 1.).- 1 3 4-.thiadl.a5.ol.e.(52),
m .p. 138-140*0 (from  DMF);  ^ (T h ia d ia z o le )  980, (NOg)
1510, 1355, was s im i la r ly  p rep a red  i n  48$ y ie ld .  (Found: 0,
5 9 .4 ; H, 3 .0 ;  N, 1 4 .6 . O^^H^NgO^S r e q u ir e s  0, 5 9 .3 5 ; H, 3 .2 ;  N, 
1 4 .8 $ ) .
5 .3 .2 .9 .2.r,Phepy.lz5-( in=iii.tr.oph.epy.l )-.1 ,j 3 4r.thiadlazplp.( 53 ) ,
m.p. 192-194*0 (from  DMF); i^ ^ ^ (c m ’‘^) (T h ia d ia z o le )  990, (NO^)
1520, 1355, was s im i la r ly  p rep a red  in  58$ y ie ld .  (Found: 0,
5 9 .4 ; H, 3 .1 ;  N, 1 4 .6 . O^^H^NgO^S r e q u i r e s  0 ,5 9 .3 5 ; H, 3 .2 ; N, 
1 4 .8 $ ) .
5.3.2.10 2 -Phenyi r5r.(prJii..tr.oph.eny.lJr.l...,3,4.- thiadiaz.ol&(54),
m.p. 257-259*0 ( f r a n  D M F/acetio a c id ) ;   ^ (T h ia d ia z o le )
980, (NOg) 1525, 1350, was s im i la r ly  p rep a red  in  62$ y ie ld .
(Found: 0, 5 9 .4 ; H, 3 .1 ;  N, 1 4 .6 . O^^H^N^O^S r e q u i r e s  0 , 59-35;
H, 3 .2 ;  N, 1 4 .8 $ ) .
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5 .4  2-_Brpmo;r/di.bromoDhenYl-5-( D-nitrophenvl)-1  ^3 . 4 - th ia d ia z o le s
5 .4 .1  Dibromo- and trib ro m o b en zo ic  a c id s
2.i3r &.i.br.QiELO.b.eii2..ol.g. Acid
5 .4 .1 .1  2 -B rom o -3 -n itro to lu en & 15
2 -M e th y l -6 -n i t r o a n i l in e  (5 .0  g ; 0,033 m ol), f in e l y  d iv id e d , 
was suspended in  a  m ix tu re  o f hydrobrom ic a c id  (40$ , 5 m l), w a te r 
(9 m l),and  coo led  to  0*C, I t  was d ia z o t is e d  w ith  sodium n i t r i t e  
(2 .7  g ; 0 .039 mol) in  w a te r (4 ml) a t  0*C. The f i l t e r e d  
diazonium  s o lu t io n  was ru n  r a p id ly ,  w ith  c o n s ta n t s t i r r i n g ,  in to  
a  s o lu t io n  o f c o p p e r( I )  brom ide [p re p a re d  by s a tu r a t in g  w ith  
su lp h u r d io x id e  a m ix tu re  of c o p p e r ( I I )  s u lp h a te  (6 .0  g) in  w a te r  
(20 ml) and po tass ium  brcanide (3 .0  g) in  w a te r  (7 m l)] i n  
hydrobrom ic a c id  (11 ml) w ith o u t e x te rn a l  c o o lin g . A fte r  30 
m inutes* s t i r r i n g ,  th e  m ix tu re  was h ea ted  in  a steam  b a th  f o r  a  
f u r th e r  30 m inu tes and th e  p ro d u c t steam  d i s t i l l e d .  The 
d i s t i l l a t e  was made b a s ic  w ith  sodium h y d rox ide , c o o led , and th e  
r e s u l t i n g  s o l id  d is s o lv e d  in  e th e r .  The e th e r  s o lu t io n  was 
washed w ith  sodium hydrox ide (1 M), d r ie d  (magnesium s u lp h a te ) ,  
ev ap o ra ted  a t  low te m p era tu re  and th e  r e s id u a l  l iq u id  
c r y s t a l l i s e d  on a d d i t io n  o f p e tro leu m . Y ield  4 .9  g (6 9 $ ); m .p. 
40-42*0 ( l i t . 40- 42*) .
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5 .4 .1 .2  2rPxpm.Pr3zj&ej^hyianiilne_.hy,drPbromlde 1 ^^
In  a round-bottom ed f l a s k  equipped w ith  a  r e f lu x  condenser 
w ere p laced  2 -b ro m o -3 -n itro to lu e n e  (5 .4  g ; 0 .025 mol) and 
g ra n u la te d  t i n  (4 .5  g ; 0 .038 m ol). C oncen tra ted  hydrobrcm ic a c id  
(15 ml) was poured th rough  th e  condenser w ith  sh ak in g  a t  40-50*0 
u n t i l  a l l  th e  a c id  had been added. S t i r r i n g  was co n tin u ed  a t  
40-50*0 f o r  1 h, an a d d i t io n a l  p o r t io n  o f hydrobrom ic a c id  (15 
ml) was added, and h e a t in g  on a w a te r  b a th  co n tin u ed  f o r  a s h o r t  
tim e (20-30 m in u te s ) . The m ix tu re  was coo led  to  roan  
te m p e ra tu re , sodium hydrox ide  (20 ,0  g) in  w a te r  (35 ml) added and 
th e  p ro d u c t steam  d i s t i l l e d .  The o rg a n ic  d i s t i l l a t e  was 
d is s o lv e d  in  e th e r ,  and c o n c e n tra te d  hydrobrom ic a c id  added, and 
th e  hydrobrom ide f i l t e r e d  o f f .  Y ie ld  5 .8  g (8 7 $ ).
5 .4 .1 .3  2 ,3 -D ib rom oto luene1^^
T his was p rep a red  a s  i n  5 .4 .1 .1  from 2 -b ro m o -3 -m e th y la n ilin e
hydrobrom ide (4 .3  g ; 0 .016 m ol), hydrobrom ic a c id  (40$ 5 m l),
w a te r  (9 m l), sodium n i t r i t e  (1 .4  g ; 0 .02 mol in  2 ml o f w a te r ) .
117Y ie ld  2.1 g (5 3 $ ). m .p. around ro an  te m p e ra tu re  ( l i t .  
3 0 -3 1 * ).
5 .4 .1 .4  2.>3rM br.pBiQ.b.enz.Pio, A o ljl 03,118
P otassium  perm anganate (3 .0  g) was added to  a w e l l - s t i r r e d  
m ix tu re  o f 2 ,3 -d ib ro m o to lu e n e  (2 .0  g) in  p y r id in e  (18 ml) and
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w a te r  (12 ml) a t  70*C. The m ix tu re  was h ea ted  under r e f lu x  f o r  2 
h , ev ap o ra ted  to  d ry n ess  in  vacuum, th e  re s id u e  e x tra c te d  w ith  
w a te r  and th e  e x t r a c t  a c id i f i e d  (2 M H Cl). The p r e c ip i ta te d  a c id  
r e c r y s t a l l i s e d  from w a te r had a m .p. 139-140*0 ( l i t . ^ ^
149-150*); Y ie ld  0 .5  g (2 3 $ ).
2,4 -D ib romobe nz oio. Acid
1205 .4 .1 .5  2.14- Dibr.Qia.Q..b.enz.ojii.t r ll.e.
2 ,4 -D ib ro m o an ilin e  (8 .3  g ; 0.033 m o l), c o n c e n tra te d  
h y d ro c h lo r ic  a c id  (8 .5  ml) and w a te r  (14 ml) were h ea ted  w ith
s t i r r i n g  to  form a  s o lu t io n ,  th e n  coo led  to  0*0, and ic e  ( 20.0
g) added. A s o lu t io n  o f sodium n i t r i t e  (2 .4  g ; 0 .04  mol in  w a te r 
5 ml coo led  to  0*0) was added dropw ise w ith  s t i r r i n g .  The 
m ix tu re  was n e u t r a l i s e d  w ith  sodium ca rb o n a te  (Ça. 2 .2  g ) .  The 
s o lu t io n  was added to  a  warm s o lu t io n  o f  (60-70*0) c o p p e r( I )  
cyan ide  [p rep a red  by d is s o lv in g  c o p p e r( I )  cy an id e  (3 .6  g) and
po tass ium  cyan ide  (5 .2  g) in  w a te r  (12 .5  m l)] on a w a te r  b a th
w ith  v ig o ro u s  s t i r r i n g .  The r e s u l t in g  m ix tu re  was h ea ted  on a 
w a te r  b a th  fo r  30 m inu tes and th e  p ro d u c t was steam  d i s t i l l e d  and 
r e c r y s t a l l i s e d  from petro leum  ( b .p .  6 0 -80*0 ). Y ield  2 .8  g
(3 3 $ ). m .p ,95-96*0 ( l i t . 1^1 9 3 - 9 4 * ) .
5 .4 .1 .6  2_i4j=DIhrpm obenz.ol0 . Acid
2 ,4 -D ib ro m o b e n z o n itr ile  (2 ,8  g ; 0.011 m o l), sodium hydrox ide 
(6 ,0  g ; 0 ,15  m o l), w a te r  (60 ml) and e th a n o l (10 ml) were h ea ted
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under r e f lu x  f o r  2 h , th e n  coo led  and f i l t e r e d  and th e  f i l t r a t e  
a c i d i f i e d  w ith  h y d ro c h lo r ic  a c id  (3 M ) .  The p ro d u c t was 
r e c r y s t a l l i s e d  from benzene. Y ie ld  2 .0  g (7 0 $ ), m .p. 170-172*0 
( l i t . 119 168-169*). '^max^*“"^^ (C=0) 1660.
Z, 5.-P,ibr.offlo.b.eja.Ql.Q-A.oi.d.
1225 .4 .1 .7  2..,5rP.itor-om9b.eig.olQ.-A.Qld
Bromine (8 .0  g ; 0.05 mol) was added to  a  s o lu t io n  o f 
ü -brom obenzoic a c id  (10.0 g; 0.05 mol) in  a  m ix tu re  o f a c e t ic  
a c id  (150 m l), c o n c e n tra te d  n i t r i c  a c id  (32 ml) and w a te r  (26 
m l). To t h i s  s o lu t io n  was added dropw ise w ith  v ig o ro u s  s t i r r i n g  
a  s o lu t io n  o f s i l v e r  n i t r a t e  (8 .5  g ; 0.05 mol) in  w a te r  (50 m l). 
A fte r  15 m inu tes o f s t i r r i n g ,  th e  r e a c t io n  m ix tu re  was f i l t e r e d  
and reduced  in  vacuum to  one h a l f ,  th e n  d i lu te d  w ith  w a te r and 
p r e c i p i t a t e  so formed c o l le c te d  by f i l t r a t i o n .  R e c ry s ta l l i s e d  
from w a te r , i t  had m .p. 154-155*0 ( l i t . 1 ^ ^  158-160*); Y ie ld  6.1 
g (44$).
2.»,6r P,jJ?rxjLobg,nz.oliL-Ao id
5 .4 .1 .8  3 i5-P i.br.QDios u lphanil.amide
To a  s o lu t io n  o f su lp h an ilam id e  (50.0 g ; 0.29 mol) in  w a te r 
(850 ml) was added hydrobrom ic a c id  (48$ 75 m l; 0.68 mol) and th e  
s o lu t io n  was h ea ted  to  70*0. Hydrogen p e ro x id e  (30$ 59 ml; 0.58 
mol) was added d ropw ise w ith  s t i r r i n g  and a  p r e c i p i t a t e  formed
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w ith in  f iv e  m in u tes . S t i r r i n g  was co n tin u ed  f o r  30 m in u tes  and 
th e  p ro d u c t f i l t e r e d  o f f  and r e c r y s t a l l i s e d  from 95$ e th a n o l. 
Y ie ld  47.0  g (4 9 $ ); m .p. 238-240*0 ( l i t . ^ ^ ^  239 -240*).
5 .4 .1 .9  2.i.6jrJPlbj;pffl,o.an i l in e
3 ,5 -D ib rom osu lphan ilam ide  (40 .0  g ; 0 .1 2  mol) and 
c o n c e n tra te d  s u lp h u r ic  a c id  (80$ 360 ml) w ere h ea ted  on an o i l  
b a th  to  170*0 in  a f l a s k  f i t t e d  w ith  a r e f lu x  co n d en ser. Steam 
was th e n  passed  r a p id ly  f o r  2 h a t  th e  end o f which th e  o i l  b a th  
was removed. 2 ,6 -D ib ro m o an ilin e  was th e n  i s o la te d  by steam  
d i s t i l l a t i o n  and r e c r y s t a l l i s e d  from e th a n o l (7 5 $ ) . Y ie ld  21,1 g 
(6 9 $ ); m .p. 76-78*0 ( l i t . ^ ^ S  8 7 -8 8 * ).
5 .4 .1 .1 0  2.»6-P-ibiiom.Q-bg.ig..o.nitrll.e.
T his was p rep a red  a s  5 .4 .1 .5  from 2 ,6 -d ib ro m o a n ilin e  in  21$ 
y ie ld ,  and had m .p. 149-150*0 ( l i t . ^ ^ ^  155*).
1245 .4 .1 .1 1  2.»,6-Pib r.0HLQhgjg.8mld.e
2 ,6 -D ib ro m o b e n z o n itr ile  (2 .6  g ) ,  c o n c e n tra te d  s u lp h u r ic  a c id  
(30 m l), a c e t ic  a c id  (30 ml) and w a te r  (30 ml) w ere h ea ted  under 
r e f lu x  f o r  8 h , coo led  and ic e  (20 g) added. The p r e c i p i t a t e  
formed was c o l le c te d .  A f u r th e r  q u a n t i ty  was reco v e re d  by 
e x t r a c t in g  th e  f i l t r a t e  w ith  ch lo ro fo rm  and th e  norm al work up. 
R e c ry s ta l l i s e d  from w a te r , i t  had m.p. 205-206*0 ( l i t . ^ ^ ^
2 0 8 .5 * ); y ie ld  1.6 g (5 8 $ ).
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1245 .4 .1 .1 2  2 .,6-PI br .omob s nzPig. Ao id
2,6-D ibrom obenzam ide (0 .4  g ; 0.0014 mol) and s u lp h u r ic  a c id  
(90$; 7ml) was h e a te d  to  60-70*0. Sodium n i t r i t e  (0 .4 2  g ; 0.006 
mol) was added w ith  s t i r r i n g  ov er a p e r io d  o f 1 h. The m ix tu re
was poured in to  ic e  and th e  p ro d u c t r e c r y s t a l l i s e d  from w a te r .
Y ie ld  0 .25  g (6 1 $ ); m .p. 144-145*0 ( l i t .1 ^ %  146-147*);
■^^ax^cm’ 1) (0=0) 1720.
3 1 4 -PibromPbe.nz.olo. a.cjli
5 .4 .1 .1 3  3.14-P ibnompbenzPi o. Aoid
Bromine (12 .0  g ; 0 .15  mol) was added to  a s o lu t io n  o f
iJrbrom obenzoic a c id  (15 .5  g ; 0 .075 m o l), a c e t ic  a c id  (450 m l), 
c o n c e n tra te d  n i t r i c  a c id  (48 ml) and w a te r  (39 ml) w ith  
s t i r r i n g .  To t h i s  s o lu t io n  was added dropw ise a  s o lu t io n  o f 
s i l v e r  n i t r a t e  (12 .75  g ; 0 .075 mol) in  w a te r (75 m l) . A f te r  30 
m inutes* s t i r r i n g ,  th e  r e a c t io n  m ix tu re  was f i l t e r e d  o f f ,  th e  
f i l t r a t e  c o n c e n tra te d  and d i lu te d  w ith  w a te r  to  g iv e  a
p r e c i p i t a t e .  The o rg a n ic  s o l id  l e f t  i n  th e  f i r s t  f i l t r a t i o n  was
e x t r a c te d  w ith  h o t e th a n o l and t h i s  e x t r a c t  on d i l u t i o n  gave a  
f u r th e r  p r e c i p i t a t e .  R e c r y s ta l l i s a t io n  o f th e  combined 
p r e c i p i t a t e s  from e th a n o l gave 12.0 g o f  th e  a c id . Y ield  57$;
m. p . 218-220*0 ( l i t .   ^  ^^ 229-230*) ; “^ ^ ^ (c m “ 1 ) (0=0) 1680.
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3w5rPibrom9ben zp lo _ A,çn
5 .4 .1 .1 4  3.,5cPlbj:j3Dioaiitjimnillc_..Apld
A n th ra n il ic  a c id  (20 .0  g ; 0.145 m ol), w a te r  (425 ml) and 
hydrobrom ic a c id  (48% 37.5  ml; 0 .34  mol) were h e a te d  to  70^C, 
Hydrogen p ero x id e  (30% 30 ml; 0 .29  mol) was added dropw ise w ith  
s t i r r i n g .  A p r e c i p i t a t e  formed (5-10 m in u te s ) . S t i r r i n g  was 
co n tin u ed  f o r  an o th e r 2 h . and th e  p r e c i p i t a t e  was f i l t e r e d  o f f  
and r e c r y s t a l l i s e d  from a c e t i c  a c id .  Y ield  24.0  g ; (65%); m .p. 
235-236°C ( l i t . 119 2 3 9 -2 4 0 °).
5 .4 .1 .1 5  3.5-Dibromob_enz_oic Acid
3 ,5 -D ib ro m o a n th ra n ilic  a c id  (7 .85  g ; 0 .03 mol) was d is s o lv e d  
w ith  g e n t le  warming i n  e th a n o l (60 ml) and benzene (15 m l). The 
s o lu t io n  was coo led  to  room te m p era tu re  and sodium n i t r i t e  (3 .5  
g ; 0 .05 mol) added. The m ix tu re  was h ea ted  on a w a te r  b a th  fo r
3-4 h , co o led , and th e  s o l id  so  o b ta in ed  c r y s t a l l i s e d  from 
benzene. Y ield  3 .4  g (45%); m .p. 212-213°C ( l i t . H ^  2 1 3 -2 1 4 °); 
t  (cm” 1) (C=0) 1700.max
Acid
5 .4 .1 .1 6  j^,^pjLbri5mfirPr.t.ol.ui.din.o
T his was p rep a red  a s  in  5 .4 .1 .1 3  from jz r to lu id in e  (15 .54  g ;
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0.145 mol) in  80% y ie ld ,  had m .p. 70-72°C (from  e th a n o l;
l i t . 11^74-75°).
5 .4 .1 .1 7  3.r,4.t5rI r J J to m o-ti?IiLone.
T his was p rep a red  a s  in  s e c t io n  5 . 4 . 1.1 from 2 ,6 -  dibrom o- 
p - to lu id in e  (8 .7  g ; 0 ,033 mol) in  55% y ie ld ;  had m .p. 76-78°C 
(from  e th a n o l;  l i t . ^ ^ ^  8 8 -8 9 ° ) .
5 .4 .1 .1 8
T his was p rep a red  a s  in  5 .4 .1 .4  frcm 3 » 4 ,5 -tr ib ro m o to lu e n e  
i n  27% y ie ld ;  i t  had m .p. 237-238°C (from  benzene; l i t . ^ * ^
2 3 5 ° ) ; (cm“ 1) (C=0) 1700.max
5 .4 .2  P ibromp -. .and ..Tr.ibro iB.o.b.e.nz.oyI . ghl.or.ld.e.s
5 .4 .2 .1  2,,.3=J>Jiirpm.Qb.aig^yl . .ghl.ori .de
2 ,3-D ibrom obenzoic a c id  (0 .5  g) and phosphorus p e n ta c h lo r id e  
(0 .6  g) were m e lte d .o v e r  a  flam e ( tim e  re q u ire d  5-10 m in u te s ) . 
The m e lt was a llow ed  to  c o o l, phosphorus o x y ch lo rid e  was 
ev ap o ra ted  and th e  s o l id  formed on c o o lin g  e x tra c te d  w ith  
benzene. The benzene was ev ap o ra ted  and on a d d i t io n  o f petro leum  
and c o o lin g  th e  re s id u e  formed c r y s t a l s .  R e c r y s ta l l i s e d  from 
petro leum , i t  had m. p. 57-59°C ( l i t . ^ ^  6 0 -6 2 ° ) ; Y ield  0 .5  g 
(94%).
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5 . 4 . 2 . 2  2_,4rD lbrom obenzoyl c h lo r id e ,
m .p. 50-52°C (from  pe tro leu m ; l i t . ^ ^  4 3 - 4 5 ° ) ;  was s im i la r ly
o b ta in ed  in  9 6 % y ie ld ,
5 .4 .2 .3  2_,5-Dibrom obenzoyl c h io r id e ,
m .p. 44-45°C (from  p e tro leu m ; l i t . ^ ^  3 9 - 4 1 ° ) ;  was s im i la r ly
o b ta in ed  in  9 2 % y ie ld .
5 .4 .2 .4  2.,6-pibrom obonzoyJL .ch lo ride ,
m .p. 35 -36°C (from  pe tro leu m ; l i t . ^ ^  3 9 - 4 0 ° ) ;  was s im i la r ly
o b ta in e d  in  94% y ie ld .
5 .4 .2 .5  3_,4-Pibromob.onzoyl..o hl or i d e ,
m.p. 62-64°C ( f r a n  pe tro leu m ; l i t . ^ ^  6 4 -6 6 ° ) ; was s im i la r ly
p rep a red  in  6 3 % y ie ld .
5 .4 .2 .6  3^5T.Dlbr.omo.bonzoy 1. o h lo r id e ,
m.p. 32-35°C (from  pe tro leu m ; l i t . ^ ^  4 1 - 4 2 ° ) ;  was s im i la r ly
p rep ared  in  80% y ie ld .
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5 .4 .2 .7  3 , 4 ,5 -T rib rom obenzoy l c h lo r id e ,
m .p. 7 0 -72°C (from  p e tro leu m ; l i t . ^ ^ ^  8 3 ° ) ;  was s im i la r ly
p rep a red  in  87% y ie ld .
5 .4 .3  ■1- .(? o^n o r /dir/.trlbi:x)iiLQbgmLPy.l).- .2 - (p r ,ni.tr.o.hs nz.oyI,)hy.dr.az i nejg
5 .4 .3 .1  ..1 r I ,or.Br.Pffigb£iizjQy.l) - 2 r ,( p -,ni trobanzoy l) hydr.az ino
jp rN itro b en zo y lh y d raz in e  (6 .0  g ; 0.033 m o l), anhydrous sodium 
c a rb o n a te  (3 .6  g ; 0 .034 m ol), and DMF (50 ml) were s t i r r e d  w ith  
e x te rn a l  c o o lin g . A warm s o lu t io n  o f ^ b ro m o b en zo y l c h lo r id e  in  
a  sm all volume o f  xy len e  was added dropw ise, s t i r r i n g  co n tin u ed  
f o r  4 h and th e  m ix tu re  poured in to  w a te r (200 m l) , made s l i g h t l y  
a c id ic  w ith  d i l u t e  h y d ro c h lo r ic  a c id ,  and th e  p ro d u c t f i l t e r e d  
o f f  and r e c r y s t a l l i s e d  f r a n  a c e t i c  a c id .  I t  had m .p, 250-252°C; 
Y ie ld  9 .2  g (77%); "^^ax^om 'l) (NH) 3160, (0=0) 1585, 1610, (NO^) 
1530,1340. (Found: 0, 4 6 .4 ; H, 2 .8 ;  N, 1 1 .6 .
r e q u i r e s  C, 4 6 .2 ; H, 2 .8 ;  N, 11.5% ).
5 .4 .3 .2  .1-XjB:^rjpino.benzoy 1 )r^rlp-.iiibrj?b.anzipyl)hydr az in e >
m .p. 213-215°C (from  a c e t ic  a c id ) ;   ^ (NH) 3190, (0=0)
1585,1610, (NOg) 1520,1340, was s im i la r ly  p rep a red  in  79% y ie ld .  
(Found: 0, 4 6 .4 5 ; H, 2 .8 ;  N, 1 1 .6 . O^^H^gBrN^Oi^ r e q u ir e s  0,
4 6 .2 ; H, 2 .8 ;  N, 11.5% ).
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5 .4 .3 .3  -1-X i3-B rom obenz_oyl)-2-_(p-nitrobenzovl)hvdrazine,
m .p. 300-302°C (from  DM F/aoetio a o id ; l i t . ”  2 9 2 -2 9 4 °);
r ’
s im i la r ly  p rep a red  in  55% y ie ld .
(NH) 3180, (C=0) 1585,1610, (NO^) 1520,1340, was
5 .4 .3 .4  J -L 2 .,3 rP lb r ,omgJbgJia,oyl,) - ,2 - ( prJil.tr-Ql>.gjQZ-oyllhy.drazl,ne ,
m .p. 258-260°C (from  a c e t ic  a c id ) ;   ^ (NH) 3200, (C=0)
1 6 3 0 , 1 6 9 0 , (NOg) 1518, 1 3 4 0 , was s im i la r ly  p rep a red  in  67%
y ie ld .  (Found; C, 3 7 .7 ; H, 2 .1 ;  N, 9 .4 .  C.j^H^.jBr^N^O^ r e q u ir e s  
C, 3 7 .9 5 ; H, 2 .0 5 ; N, 9 .5% ).
5 . 4 . 3 .5 j4rP,ibri?mQb.Q]Tz.QyI)-2.-.Cprjni.tr.Qb.o.nzo y D h y d raz l no,
m .p. 254-256°C (from  a c e t ic  a c id ) ;  (cm“ 1) (NH) 3230, (C=0)
1685, 1640, (NOg) 1522, 1342, was s im i la r ly  p rep a red  i n  70%
y ie ld .  (Found; C, 3 7 .6 ; H, 2 .1 ;  N, 9 .3 5 . C^yH^^BrgNgOy r e q u ir e s  
C, 3 7 .9 5 ; H, 2 .0 5 ; N, 9 .5% ).
5 . 4 . 3 .5 i-X2_ 5^_-PlbroiELQbe.DzeylJ- 2 - ( D-ni_tr_obenzoy 1 )Jiy_drazlne.
m .p. 264-265°C (from  d i l u t e  a c e t i c  a c id ) ;   ^ (NH) 3230,
(0=0) 1650, 169 0 , (NOg) 1 5 3 0 , 1 3 3 0 , was s im i la r ly  p rep a red  in  70% 
y ie ld .  (Found; 0, 3 7 .8 ; H, 2 .0 ;  N, 9 .3 .  O^^H^^BrgNgOy r e q u ir e s  
C, 3 7 .9 5 ; H, 2 .0 5 ; N, 9 .5% ).
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5 .4 .3 .7  .1A Z 16 -P ibr.omo.bem o y l ) r 2 - ( p,- ,n itr o pheny i)hydraz ine ,
m .p. 314-316°C (from  d i l u t e  a c e t ic  a c id ) ;  ) (NH) 3160,
(C=0) 1610, 1590, (NOg) 1510,1345, was s im i la r ly  p rep a red  in  65%
y ie ld .  (Found; 0 ,3 7 .5 ;  H, 2 ,0 ;  N, 9 .4 .  O^^H^^Br^N^O^ r e q u i r e s
C, 3 7 .9 5 ; H, 2 .0 5 , N, 9 .5% ).
5 .4 .3 .8  ■1..r.(3..,..4.rPi.br.QffiObg.nz.o.yJDtZA .prnl.tr.ob.$.nzoyl.)hy.dr.azlae,
m.p. 266-268°0 (from  a c e t ic  a c id ) ;   ^ (NH) 3180, (0=0)
1610, 1590, (NO^) 1510, 1345, was s im i la r ly  o b ta in e d  in  63%
y ie ld .  (Found; 0, 3 8 .5 ; H, 2 .0 ;  N, 9 .4 .  O^^H^^Br^N^O^^ r e q u ir e s  
c , 3 7 .9 5 ; H, 2 .0 5 , N, 9 .5% ).
5 .4 .3 .9  3.,5“LP.lbr.c>ffi.Q.bojaz.Qyl).- .2r.(pr..ni.tr.obe,nz.Q.yI)hy.dr,az.ine,
m .p. 256-258°0 (from  a c e t i c  acid/DMF);  ^ (NH) 3180,
(0=0) 1640, (NOg) 1515, 1340, was s im i la r ly  p re p a re d  i n  48% 
y ie ld .  (Found; 0, 3 7 .6 ; H, 2 .1 ;  N, 9 .2 ,  O^^H^^BrgNgO^ r e q u ir e s  
0, 3 7 .9 5 , H, 2 .0 5 , N, 9.5%).
5 .4 .3 .1 0  .1 .-3-,4 5r .Tr l b r offiObpjQZpy3Jri2^jpriiltrAb£jiz..QyJJbydrazj.n& ,
m .p. 257-258°0 (from  a c e t i c  a c id ) ;  ) (NH) 3200, (0=0)
1690, 1650, (NOg) 1525, 1345, was s im i la r ly  o b ta in e d  in  73%
y ie ld .  (Found 0 , 3 2 .0 ; H, 1 .5 5 ; N, 8 4 .0 .  O^^H^^Br^N^O^^ r e q u ir e s  
0 , 3 2 .2 ; H, 1 .5 ; N, 8 .05% ).
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5 .4 .4  2r-( Phejiyl/.dlr/.tr.ibx.Qm.QPlie,Â-tyl .)r3r.( p rJù .t r.p.ph.e.ny.l.)
J-»3.,l=LQXâ.d.laz.olPÆ
5 .4 .4 .1  ^ fjie j:iy Jr5 -Ip rJ iitrp p ]ie iiy l)rl.,3 -,4 rP za jd lazp X e( 44 )
1 -B e n z o y l-2 -(p -n itro b e n z o y l)h y d ra z in e  (7 .5  g ) ,  th io n y l
c h lo r id e  (60 m l), and p y r id in e  (0 .5  ml) were h ea ted  under r e f lu x  
f o r  1 .5  h. T hionyl c h lo r id e  was ev ap o ra ted  in  vacuo and th e  
o x a d ia z o le , r e c r y s t a l l i s e d  from a c e to n e , had m. p. 206-208°C 
( l i t . 126 2 0 6 .5 -2 0 8 ° ) ; Y ie ld  5 .15  g (73%); i  (cm“ 1) (o x a d ia z o le )max
960, (NOg) 1505, 1335.
5 .4 .4 .2  2 rIP r .BrPBigpJ]pJi3LXir 5 r lp r ü i i t x p p J i e j ; ï y J L ) -.oxadi.azole (6 1 ) ,
m .p. 184-186°C (from  D M F/acetic a c id ) ;  (o x a d ia z o le )
965, (NOg) 1510, 1340, was s im i la r ly  p rep a red  in  87% y ie ld .
(Found: C, 4 8 .4 5 ; H, 2 .3 ;  N, 1 2 .1 . C^yH^gBrNgOg r e q u ir e s  C, 
4 8 .6 ; H, 2 .3 ;  N, 12.1% ).
5 .4 .4 .3  .2.-(iarBr.oia.op.h.eny.I),-5.- ( pr ni.trp.ph.êiiyJj--1^3-,L-o x a d ia z o lo (6 2 ) ,
m. p. 202-203°C (from  D M F/acetic a c id ) ;  (o x a d ia z o le )
965, (NOg) 1520,1340, was s im i la r ly  o b ta in e d  in  74% y ie ld .
(Found: C, 4 8 .3 ; H, 2 .3 ;  N, 1 2 .0 . C^^H^QBrN^O^ r e q u i r e s  C, 4 8 .6 ; 
H, 2 .3 ;  N, 12.1% ).
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5 .4 .4 .4  2-(p-B rom ophenyl)“5 - ( p-nltroph.enyJj.-_1 3 .4 -p x a d là z o le ( 6 3 ).
m .p. 248-250° (from  DM F/aoetio a o id ; l i t . ^^240-242°); 
(o x a d ia z o le )  965, (NO^) 1520, 1340, was s im i la r ly  p rep a red  in
59% y ie ld .
5 .4 .4 .5  ^-X -g.,3bJ)Jto3fflopiioiiyJJ.j::5.ri(p-r M t rp j^^  .-.1 ■,3.,4--o.xa.dlaz.Qle(64),
m .p. 226-228°C (from  a c e t ic  a c id ) ;   ^ (o x a d ia z o le )  970,
(NOg) 1530, 1340, was s im i la r ly  p rep ared  in  75% y ie ld .  (Found:
c , 39 .3 ; H, 1 .7 ; N, 9 .8 . C^^H^Br^N^O^ r e q u ir e s  C, 39 .6 ; H, 1 .7 ; 
N, 9.9%).
5 .4 .4 .6  2 - ( 2 .4-D ibrom ophenyl)- 5 - ( D-nitroplie_nyi:)-J^3^jt^^oxad±azple_( 6 7 ),
m .p. 194-196°C (from  a c e t ic  a c id ) ;   ^ (o x a d ia z o le )  970,
(NOg) 1515, 1345, was s im i la r ly  p rep ared  in  65% y ie ld .  (Found:
C, 3 9 .3 ; H, 1 .6 ; N, 9 .8 .  C^^HgBrgNgOg r e q u ir e s  C, 3 9 .6 ; H, 1 .7 ; 
N, 9 .9% ).
5 .4 .4 .7  2r. (.2,, 5 3 ^ 4,=.oxa.dlaz.ol.o ( 65) ,
m .p. 239-240°C (from  a c e t i c  a c id ) ;  (o x a d ia z o le )  970,
(NOg) 1520, 1340, was s im i la r ly  p rep ared  in  50% y ie ld .  (Found:
c , 3 9 .3 5 ; H, 1 .7 ; N, 9 .9 .  C^^HgBr^N^O^ r e q u i r e s  C, 3 9 .6 ; H, 1 .7 ; 
N, 9.9% ).
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5 . 4 . 4 . 8  2-(2,6rPlbrpmQphony.l)r 5r ,.(prjaltr.QPiionyJL).r.1.,3.,.4rQxadlaz.Qlo( 6 9 ),
m .p. 270-2T2°C (from  d i l u t e  a o e t io  a o id ) ;  ) (o x a d ia z o le )
970, (NOg) 1520, 1340, was s im i la r ly  p rep a red  in  50% y ie ld .  
(Found: C, 3 9 .3 5 ; H, 1 .7 ; N, 9 .8 5 . C^^HgBr^N^O^ r e q u ir e s  C, 
3 9 .6 ; H, 1 .7 ; N, 9 .9% ).
5 . 4 .4 . 9  ^rX3.,4rPJlbrjpiiL0phw JJ.r5=Ip.r:.nlbrp>phbny l ) r 1 , 3 , 4-bxadia3 0 l5 (6 6 ) ,
m .p, 246-248°C (from  a c e t ic  a c id ) ;   ^ (o x a d ia z o le )  965,
(NOg) 1510, 1340, was s im i la r ly  p rep ared  in  42% y ie ld .  (Found:
C, 3 9 .2 ; H, 1 .7 ;  N, 9 .8 .  C^^HgBrgN^O^ r e q u ir e s  C, 3 9 .6 ; H, 1 .7 ;
N, 9.9% ).
5 .4 .4 .1 0  .2-.(3 ,5 - J ) lb r .o m o p h e n y J J p - n i t r o p h e n y  1 ) - 1 , 3 .4 -o x a d ia z o le (6 8 ) .
m .p. 226-228°C (from  D M F/acetic a c id ) ;   ^ (o x a d ia z o le )
970, (NOg) 1515, 1340, was s im i la r ly  p rep a red  in  49% y ie ld .
(Found: C, 3 9 .5 ; H, 1 .7 ; N, 9 .8 .  C^^HgBr^N^O^ r e q u i r e s  C, 3 9 .6 ;
H, 1 .7 ;  N ,9.9% ).
5 .4 .4 .1 1  2 -.( 3 ,4..,5r Trlbrom ppjijejwJlT 5zz{prn lt r ppbP w i ] -
1*3., jfr.pxadi  pz q1 P -CIjQJ.. 
m.p. 272-274°C (from  a c e t i c  a c id ) ;   ^ (o x a d ia z o le )  960,
(NOg) 1517, 1340, was s im i la r ly  p rep a red  in  23% y ie ld .  (Found:
C, 3 3 .0 ; H, 1 .5 ; N, 8 .1 .  C^^HgBr^N^O^ r e q u ir e s  C, 3 3 .4 ; H, 1 .2 ;
N, 8.3% ).
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5 .5  ■(.l,.3-,i;.‘7.Qxadi.a2.Ql.e-g .,5 .-d iy l)d i b.0n2 .0 l 0. asldg,,
.thladiazol o. .anpl.ogu..o.g. an(L..b.h.olr-..o.thyI....oi5.t.e.rs
5 . 5 . 1  L i t e r a t u r e  Methods
5 .5 . 1.1 .Qle.um, method
5 .5 .1 .1 .1  J-,3.,it.-.Oxa.dla2.oIor2.,Sr.dly l ) d ib ena oi o ao id(72a)
T e re p h th a lic  a c id  (20 .9  g) was in tro d u c e d  i n  sm a ll p o r t io n s  
i n to  a s o lu t io n  o f  h y d raz in e  s u lp h a te  (7 .8  g) in  oleum (60 ml) 
c o n ta in in g  su lp h u r t r i o x id e  (25%) w ith  s t i r r i n g  and e x te rn a l  
c o o lin g  to  keep th e  th e  te m p era tu re  below 20°C. A fte r  th e  
a d d i t io n  o f te r e p h th a l ic  a c id  was com pleted , th e  te m p era tu re  was 
s low ly  r a is e d  to  55°C (30 m in u te s ) . S t i r r i n g  o f th e  m ix tu re  was 
co n tin u ed  f o r  6 h a t  55-65°C . The m ix tu re  was th e n  poured in to  
an ic e -w a te r  m ix tu re . The p ro d u c t was s e p a ra te d  by c e n t r i f u g in g ,  
d é c a n ta t io n , and a g a in  m ixing w ith  w a te r and c e n t r i f u g in g  a g a in . 
The p ro c e ss  o f m ixing w ith  w a te r  and c e n t r i f u g in g  was c a r r ie d  ou t 
th r e e  tim es . The s o l id  so  o b ta in e d  was sucked dry  on a s in te r e d  
fu n n e l, and f i n a l l y  d r ie d  in  an oven a t  100°C. The s o l id  was 
r e d is s o lv e d  as  f a r  a s  p o s s ib le ,  in  sodium c a rb o n a te  (1M),
f i l t e r e d ,  and th e  a c id ic  m a te r ia l  r e p r e c ip i t a te d  w ith  
h y d ro c h lo r ic  a c id  (2M); th e  y ie ld  was 13.2 g .
Ten grams o f  t h i s  m a te r ia l  was m elted  w ith  phosphorus 
p e n ta c h lo r id e  (2 0 .0  g) and th e  m ix tu re  was h ea ted  under r e f lu x
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f o r  1 h, th e n  co o led . Petro leum  (50 ml) was added, th e  m ix tu re  
th e n  re f lu x e d  f o r  f u r th e r  1 h, and f i l t e r e d  h o t;  co o lin g  o f th e  
f i l t r a t e  gave te re p h th a lo y l  c h lo r id e  (4 .0  g) m.p. 84-86°C. 
[ ( l i t . 12? 8 3 -8 4 ° ) , i d e n t i c a l  in  a l l  r e s p e c ts  w ith  an a u th e n t ic
sam p le ] .
The p e tro le u m -in so lu b le  p ro d u c t was hea ted  under r e f lu x  f o r  
2 h w ith  d ry  e th a n o l (200 m l), and th e  r e s u l t in g  m ix tu re  a ls o  
f i l t e r e d  h o t. The f i l t r a t e  on c o o lin g  gave th e  d ie th y l  e s t e r s  o f 
(7 2 a ); m .p. 216-218°C ( l i t . 12? 2 1 5 ° ) . E x tra c tio n  o f th e  s o l id  
re s id u e  w ith  h o t DMF gave a f u r th e r  crop  (0 .35  g) o f  th e  e s t e r .  
There rem ained a h igh  m e ltin g  r e s id u e  (1 .95  g ) .
D ie th y l p ,p * - ( 1 ,3 ,4 -o x a d ia z o le -2 ,5 -d iy l)d ib e n z o a te  (1 .0 3  g ) , 
po tass iu m  hydrox ide  (0 .37  g) and 60% e th a n o l (50 ml) were h ea ted  
under r e f lu x  f o r  10 h, co o led , and th e  s o l id  o b ta in ed  on 
a d d i t io n  o f h y d ro c h lo r ic  a c id  (6M) was f i l t e r e d  o f f ,  washed w ith  
w a te r  and d r ie d ;  Y ie ld  0 .7  g .
5 .5 .1 .1 .2  -Oxa.di.azo le -2 ..5 -d iy  1 ) dibenzoic_ acxd (7 3 a ) ,
was p rep a red  s im i la r ly  from i s o p h th a l ic  a c id  (26 .0  g ) .  The t o t a l
y ie ld  o f th e  a c id ic  m a te r ia l  was 10.2 g .
Ten grams was co n v erted  to  th e  d ie th y l  e s t e r  o f  (73a) a s  in
5 .5 .1 .1 .1 ;  Y ield  0 ,3  g ; m .p. 122-124°C (from  d i l u t e  e th a n o l;
l i t . 1 ^  133 -134°). I s o p h th a lo y l  d ic h lo r id e  (7 .5  g) and a h igh  
m e ltin g  re s id u e  (1 .06  g) were a ls o  o b ta in e d .
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5 . 5 . 1 . 2  jS^ ppji<l.Lltpr.ator.e...M.e.thp.d.
5 .5 .1 .2 .1  _Ter-eplithaloyl_ c h lo r id e
T e re p h th a lic  a c id  (15 .0  g) and phosphorus p e n ta c h lo r id e  
(3 7 .5  g) w ere h ea ted  in  an o i l  b a th  t i l l  m elted  and th e n  h ea ted  
u nder r e f lu x  f o r  1 /2  h . Petro leum  (150 ml) was added and th e  
m ix tu re  h ea ted  under r e f lu x  f o r  a f u r th e r  1 /2  h , and f i l t e r e d  
h o t.  The s o l id  o b ta in e d  on co o lin g  was washed w ith  ic e - c o ld  
pe tro leu m , d r ie d  and had m .p. 77-79°C ( l i t . ^ ^  7 9 -8 1 ° ) ; Y ie ld  9 .7  
g (53%).
5.5.1.2.2 pr{M.e..th-9xy.gar.bp.nyl).b.g.ngLoyl..-chl.orl.d.o
To a m ix tu re  o f benzene (20 ml) and te re p h th a lo y l  c h lo r id e  
(1 0 .3 2  g) was added d ry  m ethanol (2 ml) w ith  s t i r r i n g  and th e  
s o lu t io n  s t i r r e d  f o r  2 h a t  80°C. I t  was h ea ted  under r e f lu x  
f o r  1 V 2  h , coo led  and f i l t e r e d .  The f i l t r a t e  was d i lu te d  w ith  
p e tro leum  (20 ml) and c o n c e n tra te d  to  c a . 10 m l, coo led  in  an 
ic e  b a th , f i l t e r e d ,  and th e  s o l id  p ro d u c t d r ie d .  Y ie ld  6 .8  g 
(63%); m .p. 38-40°C ( l i t . 1^8 3 8 - 4 0 ° ) .
5 . 5 . 1 .2 .3  J,,,2rPirIp-me.th.Qxy.oar,b.Qiiy.lb.e.nz.py.l.)hy.drazlne.
To a s o lu t io n  o f  h y d raz in e  h y d ra te  (0 .5  g ; 0 .0 2  m ol), and 
sodium b ic a rb o n a te  (1 .5  g ; 0 .02  mol) in  w a te r  (15 ml) was added 
dropw ise over a  p e r io d  o f 15 m inu tes w ith  s t i r r i n g  a  s o lu t io n  o f
-  126 -
p -(m eth o x y carb o n y l)b en zo y l c h lo r id e  (4 .0  g ; 0 .02  mol) in  THF (15 
ml) w h ile  keep ing  th e  te m p e ra tu re  o f th e  m ix tu re  betw een 
30-40°C . S t i r r i n g  o f  th e  m ix tu re  was co n tin u ed  f o r  a n o th e r  30 
m inu tes  a t  th e  end o f which w a te r  (50 ml) was added, th e  m ix tu re  
coo led  and th e  p ro d u c t f i l t e r e d  o f f .  The s o l id  so  o b ta in e d  was 
washed w ith  w a te r and th e n  w ith  m ethanol and d r ie d .  Y ie ld
3.1  g . P a r t  o f th e  sam ple m elted  a t  206-210°C and th e  rem ainder 
m elted  a t  290-295°C. ( l i t . ^ ^ ?  2 6 8 -2 7 0 °).
5 . 5 . 1 . 2 . 3  M mejb.byl_._p., pi  -  ,(J 3 jb-.Qxa.dl9z.olgr2-, 5 -di yiJiLLbmg-Q.a.t.e
1 ,2 -D i- (  m e th oxycarbony lbenzoy l)hyd raz ine  (5 .0  g ) ,
phosphorus o x y c h lo rid e  (25 ml) and to lu e n e  (50 ml) were h ea ted  
under r e f lu x  f o r  6 h, coo led  and th e  s o l id  f i l t e r e d  o f f ,  washed 
w ith  w a te r  and d r ie d .  Y ield  2 .75  g . P a r t  o f th e  sample m elted  
a t  250-260°C and th e  rem ainder a t  300-305°C. ( l i t . ^ ?  2 6 8 -2 7 0 °).
5 . 5 . 2  -T.Ql3AQyl .hy.dr.92.inp.g
5 .5 .2 .1  .1, gr Di - p r .t .oi uoy 1 hybrazlns.
To a s t i r r e d  s o lu t io n  o f h y d raz in e  h y d ra te  (2 .0  g ; 0 .04 
m ol), and anhydrous sodium c a rb o n a te  (4 .66  g ; 0 .044 mol) in  
e th a n o l (100 ml) was added dropw ise p r to lu o y l  c h lo r id e  (13 .6  g ; 
0 ,088  mol) w ith  e x te rn a l  c o o lin g . S t i r r i n g  o f th e  m ix tu re  was 
co n tin u ed  f o r  6 h w ith  e x te rn a l  c o o lin g . The su sp e n sio n  was 
added to  w a te r  (350 m l), made s l i g h t l y  a c id ic  w ith  h y d ro c h lo r ic
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a c id  (2M), f i l t e r e d ,  and th e  p r e c i p i t a t e  washed w ith  w a te r  and 
r e c r y s t a l l i s e d  from e th a n o l.  Y ie ld  8 .4  g (78%); m .p. 252-254°C 
( l i t . 129 2 5 3 -2 5 4 °);  ^ (NH) 3190, (C=0) 1630.
5 .5 .2 .2  l * 2^jcjn=.t.oin ,oyihydrjazlae..
was s im i la r ly  p re p a re d ; i t  had m. p . 223-224°C (from  e th a n o l;  
l i t . l 3 °  2 1 4 -2 1 6 °); Y ie ld  77%; V ^_(cm""1) (NH) 3210, (C=0) 1640.
5 .5 .2 .3  l=IprJppljjpyIl-2^Xm-toI.u.Qy..]Ühy.dr.az.iii.e
j2rT o lu o y lh y d ra z in e  (9.0 g ; 0.06 m ol), anhydrous sodium 
ca rb o n a te  (6.36 g ; 0.06 m ol), and dry  e th a n o l (150 ml) were 
s t i r r e d  w ith  e x te rn a l  c o o lin g . To t h i s  m ix tu re  was added 
dropw ise m -to lu o y l c h lo r id e  (9.3 g ; 0.06 m ol), and s t i r r i n g  
co n tin u ed  f o r  4 h. The m ix tu re  was poured in to  w a te r  (300 m l) , 
made s l i g h t l y  a c id ic  by adding  d i l u t e  h y d ro c h lo r ic  a c id  and 
f i l t e r e d .  The s o l id  so  o b ta in ed  was washed w ith  w ate r and 
r e c r y s t a l l i s e d  from e th a n o l.  Y ield  13.0 g (77%); m.p. 
232-234°C; "^j^^(cm” 1) (NH) 3200, (C=0) 1635. (Found; C, 7 1 .6 ; H, 
6 .0 ;  N, 10.4.  C^gH^6^2^2 r e q u i r e s  C, 71.9 ;  H, 6 .1 ;  N, 10.5%).
5 .5 .3  2.I.5 ■rP.lt.Plyl.-l . ,3 ,4- PXâ.diag.ole s
5 .5 .3 .1  .2,,5rJlr-(..ffirbPlyl)rJ-*3-,j}-.OXa.dl,az.OlC
1 ,2 -D i- jn - to lu o y lh y d ra z in e  (1 5 .0  g ) ,  th io n y l  c h lo r id e  (200
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m l), and p y r id in e  (20 d ro p s) were h ea ted  under r e f lu x  f o r  2 h. 
T hionyl c h lo r id e  was ev ap o ra ted  u nder vacuum, th e  l a s t  t r a c e s  
being  removed by c o - d i s t i l l a t i o n  w ith  benzene (20 m l) . The s o l id  
so  o b ta in e d , r e c r y s t a l l i s e d  from e th a n o l, had m .p. 8 l-82°C  
( l i t .  72 ) ; Y ie ld  11.2 g (80%), cm ^) (o x a d ia z o le )  960,
5 * 5 .3 .2  2., 5 - ( p - t o ly j j - l  . 3 .4 -o x a d ia z o le ,
m.p, 176-177°C (from  p e tro leu m ; l i t . 1^^175°); Y ie ld  10.9 g (78%); 
1^max^°’'°  ^ (o x a d ia z o le )  970, was s im i la r ly  p re p a re d .
5 * 5 .3 .3  .2.- ( m-Tçly.,1 ) r 5 - ( P rtO lv  1 ) r-1 13 . 4 - o x a d ia z o le ^
m.p. 84-86°C (from  p e tro le u m ); Y ie ld  11.2 (80%);
(o x a d ia z o le )  970, was s im i la r ly  p re p a re d . (Found; C, 7 7 .0 ; H, 
5 .6 ;  N, 1 1 .1 . C^^H^yNgO re q u ir e s  C, 7 6 .8 ; H, 5 .6 ;  N, 11.2% ).
5*5.4 2^5 -P i to l.vI .- .1 , 3 , 4 - th ia d ia z o le
5 * 5 .4 .1 .2., 5 - P i - ( m r t o l v l ) - .1 , 3 , 4 - th ia d ia z o le
1 ,2 -D i-a - to lu o y lh y d ra z in e  (3 0 .0  g ) , phosphorus p e n ta su lp h id e  
(3 0 .0  g ) ,  and x y le n e  (250 ml) were h ea ted  under r e f lu x  f o r  2 h,
allow ed to  co o l, w a te r (150 ml) was added and th e  m ix tu re  l e f t  
o v e rn ig h t. The s o l id  o b ta in e d  on f i l t r a t i o n  was e x tra c te d  w ith  
e th e r  (3x100 m l). The e th e r  e x t r a c t  was washed w ith  sodium 
hydrox ide  (3x5 ml; 1M) and th e n  w ith  w a te r , d r ie d  over magnesium
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s u lp h a te  and th e  e th e r  ev ap o ra ted  a t  low te m p e ra tu re . The syrupy 
l iq u id  so o b ta in ed  on a d d i t io n  o f  petro leum  (75 ml) gave c r y s t a l s  
o f  th e  d e s ire d  p ro d u c t.
The e th e r - in s o lu b le  s o l id  l e f t  from th e  o r ig in a l  r e a c t io n  
m ix tu re  was ag a in  e x t r a c te d  w ith  h o t DMF and on d i l u t i o n  w ith  
w a te r  a  second crop  o f  th ia d ia z o le  o b ta in ed  and r e c r y s t a l l i s e d  
from petro leum  (60 -8 0 °C ). Y ie ld  15.7 g (53%); m. p. 90-92°C; 
^max^°^~^^ ( th i a d ia z o le )  980. (Found: C, 7 2 .1 ; H, 5 .3 ;  N, 1 0 .4 .
r e q u ir e s  C, 7 2 .2 ; N, 5 .3 ;  N, 10.5% ).
5 . 5 . 4 . 2  2,,3rD Â -IPrJtPlyl)-l.,3.,4.;=m
m.p. 165-166 °C (from  e th a n o l;  l i t . ^ ^ ^  15 6 -1 5 8 °); V (cm**1)max
( th ia d ia z o le )  990, was s im i la r ly  p rep ared  in  54% y ie ld .
5 .5 .4 .3  .2-(m-.T,9iyi)r:5-.(p-,t,c>ly3-,)“ 1j 3 , 4 r th ia d iazp l& ,
m. p . 125-126°C (from  pe tro leu m  b .p . 60 -80°C ); ^
( th ia d ia z o le )  970, was s im i la r ly  p rep a red  in  60% y ie ld .  
(Found:C, 7 2 .5 ; H, 5 .2 ;  N, 1 0 .5 . r e q u i r e s  C, 7 2 .2 ; H,
5 .3 ;  N, 10.5% ).
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5.5.5 .13., 4r.0xadlaz Ql .e-g 5^.-dlyJ.3jlj.b.e.,n2.Pl.ç., Adds
5.5.5.1 jtti 3.r4r.QxadlazpI.er .^*5"-dly.3J.d.i,bg.ng.Q3l.c.. acid
2 ,5 -D i- (m - to lu o y l)~ 1 , 3 »4-oxad±azole and an a z e o tro p ic  
m ix tu re  o f  p y r id in e -w a te r  (250 m l) (o f . p. 111) was h ea ted  w ith  
s t i r r i n g  to  70° in  a  w a te r b a th . P otassium  perm anganate (5 0 .0  g) 
was added in  sm all p o r t io n s .  The m ix tu re  was h ea ted  under r e f lu x  
f o r  2 h. The s o lv e n t  was ev ap o ra ted  under vacuum and th e  s o l id  
so  o b ta in ed  e x t ra c te d  w ith  w a te r (500 m l). The w a te r  e x t r a c t  was 
a c id i f i e d  w ith  h y d ro c h lo r ic  a c id  (2M) and th e  p r e c i p i t a t e  
o b ta in ed  f i l t e r e d  o f f ,  washed w ith  w a te r (a s  ex p la in ed  in  s e c t io n  
5 .5 .1 .1 )  and d r ie d .  Y ie ld  9 .9  g (80%); m .p. 362 + 2° C (from  
N -m e th y lp y rro lid -2 -o n e /w a te r ; l i t . 2^368-371°); ^max^°°*"**  ^^
(o x a d ia z o le )  970, (C=0) 1680. (Found: C, 6 2 .2 ; H, 3 .4 ;  N, 9 .0 .
C alc , fo r  C, 6 1 .9 ; H, 3 .2 5 ; N, 9 .0% ).
5.5.5.2 p.,pi.-Xl.,3.,4,r.QxadiS2.olgr,g.t5r.dly.3Jdibenzoic acid,
m .p. 425 ± 2°C ( l i t . ^ ^ ^  4 5 0 ° ); (o x a d ia z o le )  970, (0=0)
1690, was s im i la r ly  o b ta in ed  u s in g  po tassium  perm anganate (40 .0  
g) in  87% y ie ld .  [Found (c ru d e  p ro d u c t) :  C, 6 1 .4 ; H, 3 .4 ;  N,
8 .9 .  C alc , f o r  C^gH^^NgO^: C, 6 1 .9 ; H, 3 .2 5 ; N, 9.0% ].
5.5.5.3 p . , -X.1,3.,4r.Qxa.dlaz.ol0 r2.,5riiiyl-)bl.bP.nz,Qi,o,..aoid,
m .p. 352 + 2°C;  ^) (o x a d ia z o le )  970, (C=0) 1680, was
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s im i la r ly  p rep a red  u s in g  po tassium  perm anganate (45 .0  g) in  94%
y ie ld .  [Found (c ru d e  p ro d u c t) :  C, 6 1 ,8 ; H, 3 .5 5 ; N, 9 ,0 .
r e q u i r e s  C, 6 1 .9 ; H, 3 .2 5 ; N, 9 .0% ).
5 .5 .6  .L l_,3^-4_"-Thladia20le^_.5-diyl)dibenzoio a c id
5 .5 .6 .1  ja*.Pi,!r.(.1.,3^4:2Tbiadi.@zblb r,2,5=iliy± .dib.oiiz.olc. ad d ,
m .p. 362 + 2°C;  ^ ( th ia d ia z o le )  990, (C=0) 1665, was
s im i la r ly  p rep a red  in  78% y ie ld .  [Found (c ru d e  p ro d u c t) :  C,
5 9 .5 ; H, 3 .3 ;  N, 8 .5 .  C^gH^QN^O^S r e q u ir e s  C, 5 8 .9 ; H, 3 .1 ;  N,
8 . 6%].
5 .5 .6 .2  p ^ p i r l J 3.,4rThi adla2Plp% 2^5-di y l )d lbpiizpl c _ ^ c ld ,
m .p. 450 + 2°C;  ^ ( th i a d ia z o le )  990, (C=0) 1680, was
s im i la r ly  o b ta in e d  in  92% y ie ld ,  [Found (c ru d e  p ro d u c t) :  C,
5 8 .4 ; H, 3 .3 ;  N, 8 .5 .  C^gH^^NgO^S r e q u ir e s  c , 5 8 .9 ; H, 3 .1 ;  N,
8 . 6%).
5 .5 .6 .3  p.,ja.L-.(J.,3..,4r.Thiadl.azpl b r 2^zud ly jJd ibpngp lA .ao id ,
m.p. 402 ± 2°C;  ^ ( th i a d ia z o le )  990, (C=0) 1670, was
s im i la r ly  o b ta in e d  in  89% y ie ld .  [Found (c ru d e  p ro d u c t) :  C,
5 8 .1 ; H, 3 .6 ;  N, 8 .9 .  C^gH^QNgO^S r e q u ir e s  C, 5 8 .9 ; H, 3 .1 ;  
N ,8.6% ),
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5 .5 .7  Pl bt b yl.-I,1j3.*ifrPxadi..a2bI.br2^-jdiyJJ.d3.b.pnz,Qat.e.i3 
5 .5 .7 .1  P l bthyl--Æ^a.!r.Ll-t3uil—QxadlP2jglPr2.*5rdlyJJiUbpiiz^^
m ,ra*-(1 ,3 ,4 -Q x a d ia z o le -2 ,5 -d iy l)d ib e n z o io  a c id  (10 .0  g) and 
phosphorus p e n ta c h lo r id e  (13 .5  g) were h ea ted  in  a Bunsen flam e 
t i l l  m elted  (5-10 m in u tes) and th e  m ix tu re  h ea ted  under r e f lu x  
fo r  1 h. P etro leum  (50 ml) was added and th e  m ix tu re  re f lu x e d  
f o r  a n o th e r  hour and th e n  f i l t e r e d  h o t. The s o l id  l e f t  on 
f i l t r a t i o n  was h ea ted  under r e f lu x  w ith  e th a n o l (300 ml) f o r  2 h, 
and r e f i l t e r e d ;  th e  f i l t r a t e  was c o n c e n tra te d  under vacuum to  
o n e -s ix th  o f  th e  volume and t h i s  on co o lin g  gave c r y s t a l s  o f  
e s t e r .  R e c r y s ta l l i s e d  from e th a n o l, i t  had a m .p. 122-124°C 
( l i t . 2 2  133 -134°); Y ie ld  2 .4  g (20%); (o x a d ia z o le )
970, (0=0) 1730. (fo u n d ; C, 6 5 .2 5 ; H, 4 .8 ;  N, 7 .9 .  C alc , f o r
^ 2 0 "l8 ^ 2 °5 ' 6 5 .6 ; H, 4 .9 5 ; N, 7 .6% ).
5 .5 .7 .2  Ple . thy .1 ..-iJ-,3 ,,..4 --Q x ad iaz ja lP rg .,5 -.d iy l)■ di.b.p.nz.pa.t e ,
m .p. 216-218°C (from  e th a n o l;  l i t . ^ ?  2 1 5 °); '^max^°“ **^ ^
(o x a d ia z o le )  970, (C=0) 1725, was s im i la r ly  p rep a red  in  37%
y ie ld .  (Found; C, 6 6 .0 ; H, 5 .0 ;  N, 7 .6 5 . C alc , f o r  C^QH^gN^Og: 
C, 6 5 .6 ; H, 4 .9 5 ; N, 7 .6% ).
5 .5 .7 .3  Pi.e.thy l..m.,.p.V-.( .1,3,,4.- pxaM .52P lPr2*5r.d iy .l)d ibem .patp ,
m .p. 148-150°C (from  e th a n o l)  ; '^^^(cm ~ 1 ) (o x a d ia z o le )  975, (C=0)
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1720, 1730, was s im i la r ly  p rep a red  in  37% y ie ld .  (Found; C,
6 6 .0 ; H, 5 .0 ;  N ,7 .6 5 . r e q u ir e s  C, 6 5 .6 ; H, 4 .9 5 ; N,
7 .6% ).
5 .5 .8  .Die .tby l...Ü.>3^A-±bla .d ia&QlPr2jL5=jiiyJJbj±&DZP&W.
5 . 5 . 8 . 1  5 r d iy.D-dlbPflZ-o.abg.,
m.p. 125-127°C (from  e th a n o l) ;   ^ ( th ia d ia z o le )  990,
(C=0) 1710, was s im i la r ly  p rep ared  in  38% y ie ld .  (Found; C,
6 3 .2 ; H, 4 .8 ;  N, 7 .4 5 . r e q u ir e s  C, 6 2 .8 ; H, 4 .7 ;  N,
7 .3% ).
5 .5 .8 .2  n ie tb y l  p . , . J _ , 3.J}r_thja !llazpl..er2_,5-diyild iJ^ s j^ ^  ,
m .p. 266-268°C (from  e th a n o l) ;  ( th ia d ia z o le )  990,
(C=0) 1710, was s im i la r ly  p rep a red  i n  21% y ie ld .  (Found; 0 ,6 2 .8 ;  
H, 4 .7 ;  N, 7 .3 .  CggH^gN^O^S r e q u ir e s  C, 6 2 .8 ; H, 4 .7 ;  N, 7 .3% ).
5 .5 .8 .3  PjLp-tbyJ..ja>p J-.(J.,3.,4.dtM M ia z p ie -2 ,,5r iilyJ.)..dl b .o.n2,9a tP ,
m .p. 120-122°C (from  e th a n o l) ;   ^ ( th i a d ia z o le )  980,
(0=0) 1710, was s im i la r ly  p rep a red  in  60% y ie ld .  (Found; C,
6 2 .8 ; H, 4 .6 ;  N, 7 .4 .  C^gH^gN^O^^S re q u ir e s  0, 6 2 .8 ; H, 4 .7 ;  N,
7 .3% ).
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5.6 l i b r A t l QP. ,9f,■?.»5.=dl a r y3--,13.*4-..tbladi.^z,Ql,e
5 .6 .1  a o id
5 .6 .1 .1  2.,5.rPi pbenyZ -1 3 . , jbr-th lad laz-Ole. (45)
N i t r i c  a c id  (30 ml, A  1 .5 ) was cooled  to  0°C by u s in g  
ic e /so d iu m  c h lo r id e  m ix tu re . With s t i r r i n g  and c o o lin g
2 ,5 -d ip h en y 1 -1 ,3 ,4 - th i a d ia z o le  (45) (1 .0  g ; 0.0042 mol) was added 
slo w ly . S t i r r i n g  was co n tin u ed  f o r  4 h. I c e -c o ld  w a te r  was 
added to  t h i s  m ix tu re  keep ing  th e  te m p era tu re  below 20°C, The 
p r e c i p i t a t e  formed was f i l t e r e d  o f f ,  washed w ith  sodium 
b ic a rb o n a te  and th e n  w ith  w a te r  t i l l  n e u t r a l ,  and d r ie d .  Y ie ld
1.34 g (97% assum ing d i n i t r a t i o n ) ;  m .p. 182-188°C.
5 .6 .1 .2  2z:PheiwJc:5j:i(p=Mj:rPPksnyJl]r .13„,4- t h iM l.% .Q lâ(52)
2 -P h e n y l- 5 - ( o - n i t r o p h e n y l) 1 ,3 ,4 - th ia d ia z o le  (0 .5  g) was 
s im i la r ly  n i t r a t e d ;  y ie ld  0 .54 g.
5 .6 .1 .3  53)
2 -P h e n y l-5 - (m -n i tro p h e n y l) -1 , 3 ,4 - th ia d ia z o le  (0 .5  g) was 
s im i la r ly  n i t r a t e d ;  Y ie ld  0,56 g .
—• t -- -  i-i .
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5 .6 .1 .4  2riPhdJiyIr5-“ (pr.iU.tr PphbnyI,)-=J.*3^-4-T-thjLadj..9Z.olb.(54)
2 -P h en y l-5 “ (p - n i t r o p h e n y l) - 1 , 3 ,4 - th ia d ia z o le  (0 .5  g) was 
s im i la r ly  n i t r a t e d ;  Y ie ld  0 .53 g .
5 .6 .2  Mi.th_..ni.trlo_.aoi d. .in-g-ulph.urlc. .a d d
5 .6 .2 .1  2 , 4j=.tbjLadiP2Plo.( 45 )
2 ,5 -D ip h e n y l-5 - th ia d ia z o le  (1 .1  g ; 0.0046 mol) was d is so lv e d  
in  s u lp h u r ic  a c id  (3 ml, A  1 .84) w ith  s t i r r i n g  and e x te rn a l  
c o o lin g . N i t r i c  a c id  (1 ml, i l  1 .5 ) was added a t  0°C, S t i r r i n g  
w ith  e x te rn a l  co o lin g  was co n tin u ed  f o r  3 h. I c e -c o ld  w a te r (100 
ml) was added w h ile  keep ing  th e  te m p era tu re  below 20°C. The 
p r e c i p i t a t e  formed was f i l t e r e d  o f f ,  washed w ith  sodium 
b ic a rb o n a te  and th e n  w ith  w a te r  t i l l  n e u t r a l .  Y ield  1.45 g .
5 .6 .2 .2  2r.Pho.mrl r 5 -(.o -n i t rp phonylJr l ,3 . ,4.-.th ladl.azi)l.o(52)
2 -P h e n y l-5 - (o -n i t ro p h e n y l) -1 , 3 ,4 - th ia d ia z o le  (0 .5  g) was 
s im i la r ly  n i t r a t e d .  Y ield  0 .53 g.
5 .6 .2 .3  2 -P henv l-5 -(m -n itiL opheny l^^l . 3 ,4 -_ th ia d ia z o le ( 53)
2 -P h e n y l-5 - (m -n itro p h e n y l) -1 , 3 ,4 - th ia d ia z o le  (0 .5  g) was 
s im i la r ly  n i t r a t e d ;  Y ie ld  0 ,56 g .
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5 . 6 . 2 . 4  &zEheDylr5.-.( Pr .nibr.ophony l ),1 , 3 ,4 - th i%diazPl&(54)
2 -P h e n y l-5 ~ (p -n i tro p h e n y l)“ 1 , 3 ,4 - th ia d ia z o le  (0 .5  g) was
s im i la r ly  n i t r a t e d .  Y ie ld  0 .55 g .
5 .6 .3  W ith n i t r onium te t r a f lu o r o b o r a te
5 .6 .3 .1  g.,5,-P ,i pbe,nyI - .1 ,3.,.4 - .thl .adi.azol e (45 )
2 ,5 -D ip h e n y l~ 1 , 3 ,4 - th ia d ia z o le  (1 .08  g ; 0.0045 mol) was 
added s lo w ly  to  a  s t i r r e d  su sp e n sio n  o f n itro n iu m  
te t r a f lu o r o b o r a t e  (3 .0  g ; 0.025 mol) in  dry  r e d i s t i l l e d  
su lp h o la n e  (10 ml) a t  30°C. S t i r r i n g  was co n tin u ed  a t  100°C f o r  
2 h. The m ix tu re  was poured in to  ic e -w a te r ,  and f i l t e r e d .  The 
s o l id  p ro d u c t was washed w ith  sodium b ic a rb o n a te  and th e n  w ith  
w a te r  t i l l  n e u t r a l .  Y ie ld  1.4 g.
5 .6 .3 .2  2r-PiieJiylr5-.(or.iiLbiLQphpny 1 )rJ.*3-,4.r.thiodiPZjPle.(52)
2 -P h e n y l- 5 - ( o - n i t r o p h e n y l) - 1 ,3 ,4 - th ia d ia z o le  (0 .5  g) was 
s im i la r ly  n i t r a t e d ;  Y ie ld  0.53 g .
5 .6 .3 .3  .2-Phenvl-S-■(jQr_PitrophenyI) -_1 3 .4 - th ia d ia x o le (53)
2 -P h e n y l-5 - (m -n itro p h e n y l) -1 , 3 ,4 - th ia d ia z o le  (0 .5  g) was 
s im i la r ly  n i t r a t e d ;  Y ie ld  0.56 g .
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5 .6 .3 .4  2r_PM nylz5rip=M .trppji@ iiyi}r±,3.,4.r t h ia d io z Ol e (54)
2 -P h e n y l~ 5 - (p -n i t r o p h e n y l) -1 ,3 ,4 - th ia d ia z o le  (0 ,5  g) was 
s im i la r ly  n i t r a t e d ;  Y ie ld  0.57 g .
5 .7  Pr-QminatlPiL,pf. 2. . . ,5 , - d i d r y Qxa d l a z q1 e s 
PPlngL-br-Omine... and. p,o_t.as.siuin_ brom ate
5 .7 .1  -2 -P b eJ lY lr-5 -ip -n itro p h en v l)-1 . 3 .4 - t h ia d i a z o le (35) 
jfi.th...oxadiazoI.ejb>rominejp_otassium brom ate = 1 :1 :2
2 -P h e n y l~ 5 - (p -n i t r o p h e n y l) -1 ,3 ,4 - th ia d ia z o le  (1 .3 5  g ; 0 .005 
mol) was added w ith  s t i r r i n g  to  a s o lu t io n  o f bromine (0 .8  g ;
0 .005 m ol), c o n c e n tra te d  s u lp h u r ic  a c id  (30 ml) and a c e t i c  a c id  
(50 m l). The te m p e ra tu re  o f  th e  m ix tu re  was r a is e d  and 
m a in ta in ed  a t  25°C and a  s o lu t io n  o f  po tassium  brom ate [ 0 . 8 4  g 
in  w a te r (10 m l)] was added dropw ise ov er a  p e rio d  o f 15 
m in u tes . S t i r r i n g  o f  th e  m ix tu re  was co n tin u ed  f o r  1 h, a t  th e
end o f  which a n o th e r  p o r t io n  o f po tassium  brom ate s o lu t io n  [ 0 .84 
g i n  w a te r  (10 m l)] was added dropw ise over 15 m in u tes . S t i r r i n g  
was co n tin u ed  f o r  a n o th e r  hour, th e  m ix tu re  was th e n  h ea ted  on a 
w a te r  b a th  (10-15  m in u te s ) , coo led  and poured in t o  ic e -w a te r  and 
f i l t e r e d .  The s o l id  so  o b ta in e d  was washed w ith  w a te r and 
d r ie d .  Y ie ld  1 .08 g.
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5 .7 .2  2.-ghêiiylr.5-T.(Pr,nitr-QPiicjiyJ.l-.1 ■,3.,-4.-Px.adi.azQl e (35) 
JuJbb„QxadlazpI■êibrpmJLn9.;.p.o,t .apgll^IL-b^pmatp =_ 2j ,1; .2
2 -P h e n y l-5 ~ (p -n itro p h e n y l) -1 , 3 i4 ~ o x ad iazo le  (1 .3 5  g) was 
s im i la r ly  brom inated  u s in g  brom ine (0 .2  g) and p o tassium  brom ate 
(0 .46  g) ; Y ie ld  1.01 g .
5 . 7 . 3  P^prJBrpmoDhenyllTS - ( p -  n i  t r  opheny 1 ) - 1 . 3 .4 -o x a d ia z o le (6 l)
wi-th-_oxadi.azoIe.:.bromine : p_otAssium. bromate, = 3 4 120:44
2 -(o -B ro m o p h e n y l) -5 -(p -n itro p h e n y l)-1 , 3 , 4 -o x a d ia z o le  (O. 6 7  g) 
was s im i la r ly  brom inated  u s in g  bromine (0 .2  g) and po tassium  
brom ate (0 .46  g) ; Y ield  0 .49 g .
5 . 7 . 4  2 -(m -B rom oplie jiv lJ-5 --(p -n itroph .e jiv l)-1 . 3 .4 -o x a d ia z o le ( 62) 
wi.th_ oxadiazple_Lbr,omine ; p o tas^slum brom ate = 34 ; 20 ; 44
2 -(m -B ro m o p h e n y l) -5 -(p -n itro p h e n y l) -1 ,3 ,4 -o x a d ia z o le  (O . 6 7  
g) was s im i la r ly  brom inated  u s in g  brom ine (0 .2  g) and po tassium
brom ate (0 .46  g) ; Y ie ld  0 .56 g .
5 . 7 . 4  2 j^ i^ Jrp m o p J ie n v -D -5 -(p -n itro p h e n y l)-1 , 3 .4 -o x a d ia z o le ( 63) 
w ith .o x a d ia z  o l e jb r  omine : po tassiunL brom ate  = 34 :20 :44
2 -(p -B ro m o p h e n y l) -5 -(p ~ n itro p h e n y l) -1 ,3 ,4 -o x a d ia z o le  (0 .6 7  
g) was s im i la r ly  b rom inated  u s in g  bromine (0 .2  g) and po tassium
brom ate (0 .46  g) ; Y ie ld  0 .5  g .
J
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Synthesis of (1,3,4-Oxadiazole-2,5-cliyl)dibenzolc Acids and 
their Thiadiazoie Anaiogues
K H A L ID  J A V A ID  a n d  D A V ID  M . S M IT H *
Department of Chemistry, University of S t Andrews, Purdie Building, S t Andrews, Fife 
KY16 9ST, Scotland, U.K.
J. Chem. Research (S), 1984, 118-119 /. Chem. Research (M), 1984, 0985-0997
We report that the title compounds are best prepared by 
oxidation of the corresponding 2,5-ditolyl-l,3,4- 
oxadiazole or -thiadiazoie, and are most easily charac­
terised by the n.m.r. spectra of their dipotassium 
salts.
Symmetrical dicarboxylic acids of the type (1) or (2) 
and their simple derivatives have been used in the past 
as starting materials for several polymerisation studies, 
and some of their esters have also been used as polymer 
additives.
HO_C
HO2C
COgH
COoH
(2)
( 3 )
a ;  X = O
b ;  X =  S
The two most commonly used routes to (la )  and (2a), 
both of which are patented methods, proved in our 
experience to be totally unsatisfactory. Direct reaction of 
terephthalic or isophthalic acid with hydrazine sulphate 
in oleum (Scheme i)^ '*>^ ’ gave the required acids ( la )  and
2 HO„C
CO„H
+ HgN-NHg
SOjlHgSO^
^CONH-NHCO^-cr
l-HjO
HOoC
( l a )  o r  ( 2 a )  
Scheme 1
(2a) as very minor components of complex mixtures 
which were difficult to separate; the more circuitous 
route involving a suitably protected terephthaioyl or 
isophthaloyl monochloride and hydrazine (Scheme 2^ 6,9.10,13,15 gave mixtures from which the required 
heterocyclic esters (5) were obtained in only low yield.
•coci
.CONH-NHCO,
( 4 )
OH I g O
COoR
( 5 )
( 1 )  o r  ( 2 )
a ;  X =  O 
b ;  X =  S
Scheme 2
The simplest route to these dicarboxylic acids involve  
oxidation of the appropriate 2,5-ditolyl-1,3,4-oxadiazole 
or -thiadiazoie with potassium permanganate in aqueous 
pyridine (Scheme 3), an adaptation of a Russian 
procedure*® for the preparation of (la ). The method is 
equally applicable to the symmetrical [(1) and (2)] and 
unsymmetrical (3) isomers, and to oxadiazoles (series 
a) and thiadiazoles (series b).
Except in the case of (2a), the acids thus obtained are 
almost analytically pure without recrystallisation. This is 
of particular importance since the acids are insufficiently 
soluble in any of the common solvents to permit easy 
recrystallisatidn. The adds are best characterised by the 
*% n.m.r. spectra of their dipotassium salts (in D^O). 
Complete assignment of all the resonances is possible by 
using model compounds and (for the carbocyclic rings) 
the ‘substituent parameters’ shown in the Table.
Table Substituent effects on n.m.r. shifts*
Substituent tpso ortho meta para
CO2■1,3.4-Oxadiazole
1,3,4-Thiadiazole
+9.2
- 8.0
-1 .9
+1.5-3 .2
-2 .3
+ 1.2 —0.4 
—0.3
+3.7
+2.5
+ 1.8
*To receive any correspondence. •Expressed in ppm relative to 6c =  128.5 for benzene.
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2  Me - O ' /
CONH-NHCO
^CONHNH, CICO. .<r ■ r>~Me
Me —
KMnO,
< 1 )  o r  ( 2 )  o r  ( 3 )
Scheme 3
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